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(54) CnOCOB AMAmOCTHKM KOHTAKTHOpi CBAPKM 

(57) Pecpepar: 

HaoBpeTeHne othochtca k cBapoMHoii 
TexHMKe flna ToneMHoPi, panbeo>Hoii KOHTaicrHo(i 
CBapKn MeTan/ioB M cnnaBOB. B ooHOBy 
n3o6peTeHna nocTaaneHa 3aflaMa noBbimeHna 

SCfXjjeKTMBHOC™ flUarHOOTMKM KOHTaKTHOH 

cBapKH. Cyu<ecTB0 n3o6peTeHM« 3aKni04aeTCjt b 
'M 4»pMnpyioT MHC(DpaKpaGHOe 
srmoBbix cneflOB CBapHoro 
coepyinenm us OKo/ioaneKTpoAHOM o6nac™ 
noBepxHoc™ cBapuBaeMoCi .-• fleTanu. 
OcymecTBiwioT sneicrpuMecKoe 
npeo6pasoBaHne MsnyMeHwsi TepMOflaTMUKOM c 
ToneHHofi noeepxHOCTbio' BocnpwiTUH. 

<POpMMpyK)T TepMOB03fleMCTBHfl HHCppaKpacHUM 

HSjiyMeHMGM Ha oC-bexTbi flMamocTHpoBaHHfl. no 



cmnanaM o TepMOflaT^MKa npon3BOflHT otjeHicy 
coctohhhh b6opyAOBaHMfl M onpsflenmoT 
xapaKrepucTHKM CBapHoro tuBa. 2 s.n. cfwibi, 8 
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(54) RESISTANCE WELDING DIAGNOSTIC METHOD 

(57) Abstract: 

FIELD: mechanical engineering; spot and 
projection resistance welding of metals and 
alloys. SUBSTANCE: infrared radiation of 
heat traces of welded joint from 
near-electrode area of welded part surface 
is optically formed. Electrical conversion 
of radiation is provided by thermosensor 
with spot sensing surface. Thermal action of 
infrared radiation onto objects under 
investigation is formed. Condition of 
equipment is judged by signals from 
thermosensor and characteristics of weld are 
determined. EFFECT: enhanced efficiency of 



diagnostic procedure. 3 cl, 8 dwg, 1 tbl 
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a: 



H3o6peTeHne othoowtch k o6nac™ 
cBapoMHoW TexHMW Ana Tcwe4HoCi, penbecpHoii 



CpeAH M3BeCTHblX cnoCX)60B flUarHOCTMKM B 

npoLiecce koht3KTHow caapKH ncno/ibsoBaHne 
6ecxoHTaKTHoro KOHTpona nHcfipaKpacHoro 
M3JiyMeHMj) (W) flanaeTCH HanpaB/ieHweM 
Han6ojiee MHcpopiviaTHBHbiM no 

yHMBepca/ibHocTM An» paarwHHbix pexMMOB, 
buhob n TonmnH MaTepnanoB, TexHonomii m 
ooopyAosaHUfl. 06inne Heppcjajw* stoto 
HanpaBneHMa: cnoxHocTb yneTa Heu3BecTH0ft 
MSMeHflKDmeflcfl MsnyMaTeribHoCi 
cnocooHoc™ e ; cne 4 Mann3MposaHHbie 
pewewm MaoTHbix 3aflaM htm 
TepMOBMsyannsaMna 6e3 npMMeHeHWS 

3Cp<peK™BHOro HHCpOpMalJMOHHOrO OKaTWH. 

TaK, HanpMMep. b naTeHTe TepMaHnn N 
4528363, B 23 K11/24, 1995 r npn 
onpeAeneHMM oTpe3Ka BpeMeHM kohtpojih 
TepMorpaMMbi c TepMOBi/tsyarmaai^efi m 

MHHMMaTlbHOi* 06pa6OTKOR TOJlbKO MaCTMMHO 

o6ecneMMBaeTcn xaMecTBO CBapKii. 

Hau6o/iee 6nn3KMM aHanor no a.c. SU N 
1748976, Kn. B 23 K 11/10, 1992 r. BKniOMaeT 
onTi/wecKoe cpopMnpoBaHne c 

oKonoajieiapoAHoii noBepXHOc™ fleTanw HM 
TennoBoro c/ieaa CBapHoro coeflUHeHua, 
npeo6pa30BaHue M3nyHeHMfl b sneiapuMecKne 
onmanbi, cpaBHeHue hx c saAaHHbiMM 
noporoBbiMM ypoBHSMM, o6ecne^eHiie cneweHMfi 



m no 

noporoBoro paccornacoBaHMfl. OflHaKO, 3flecb 
TaioKe peiuaeTCfl Tonbito MacTHaa saAaMa 
o6ecneHeHiw KaMecrBa csapicH. 

B ocHOBy nso6peTeHHR nocraBneHa saflana 
ycoBepiueHCTBOBaHMJ) cnocooa fluarHOCTMKM 
KOHTaKTHoB CBapKM, b KOTopoM, 6naroAaps 
M3MeHeHnio npweivioB, onepa 4 nK, ycnoBMPi 
KOHTpona, aHanwaa xapaKrepnoruK 
Cp0pM006pa30BaHMH n AetpeicroB 

o6ecnewMBaeTC5i nonyMeHne cnefly»inero 
TexHHMeoKoro pe3y/ibTaTa. 

flna paanimHbix ycnoBMpi npuMeHeHna np« 

BblOOKMX TDe6oBaHMHX K 4yBCTBUTe/1bHOCTM n 

Hafle)KHOCTi4 pearmsyioT 6ojiee nonHbiti Ha6op 
cpyHi^MH KOHtpoJw u fluarHocTMKM npoi^ecca 
CBapKM. 06ecneMMBaK)TCB pacujMpeHHbie 

BOSMOWHOCTM aBTOMaTMMeCXMX: HaCTpOMKM M 

caMOAMarHOCTMKH; KOMnencauMOHHoro 
aMH/iMTyAHoro cnexeHna o ynpasneHweM ^ 
pe(})neKTopHo£i orrraMecKoPi n snetapoHHOM 
cocTaanaiomnMH MyscTBHTejibHoc™; 
cneKTpanbHoro 4>nnbTpai(MOHHoro KOHTpona 
cTpyioypbi noBepxHocTH AeTaneii; 

npocrpaHCTBeHHO-aMnnMTyAHbix, 
rpaAHeHTHO-OKCTpeManbHbix reoMeTpMnecicwx 

OI4eHOK OTKHOHeHMpi CpOpMW, yCTaHOBKM 

sneKTpoAOB m ASTaneB, noAXOAOB k npvixBaTKe, 
Kpaio co6paHHoR k cBapKe KOHCTpyKunn; 
o6Hapy«eHwe M3HOca aneicrpoAOB m 
KOHTponnpyeiuibix 06/iacTeft o6opyAosaHHfl; 
nporH03a w AMamocTMpoBaHus HeAonycu/iMhix 
AeipeKTOB BbinnecKa, neperpesa. Henposapa, a 
TaioKe cocTOAHufi HopMbi, TBepAoPi (fasbi; 
Koppe/uimioHHoro TepMorpaMMHoro kohtpojw 

TBepAOCTM. npM 9T0M npeflCTaBnflKJT 
npocrpaHCTBeHHO-aMnjiMTyAHbie, 
npocTpaMCTBeHHO-reoMGTpuMecKHe 
(HeHTpanbHbie o6naoTn; nnomaAM, o6i.eMbi; 

paCCTOSHM5i; CBH3H0CTb; pasBeTBneHHOcTb; 

M3MeHeHM^ yrnoB, tpaeirropuvi m KOHc^nrypaunw; 
opueHTaqua; KOHCpurypauun) n CTaTnoTMqecKne 
(MaTeMaTMMSCKoe o>KMAaHne, Ancnepcusi, 
cpeAHeKBaflpaTMMecKoe oTKnoHeHne wva i\emp, 



nnoiuaAb. cpeAHnK paanyc coBOKynHooTH 

ycnOBHO-TOMe^HblX 06"bSKTOB) MHttXjpwaTHBHbie 

AaHHwe o6Hapy>KeHna TennoBbix cneflOB n 
pacnosHaBaHiin no hum xapaicrepucTWK 
TennoBwx o6pa30B cpopMOo6pa30BaHM5) 
npoqecoa • CBapKM m o6ecneMHBaiomera 
CBapoMHoro o6opyflOBaHM5i. 

nocraBneHHaJi 3aAaMa peiuaeToa TeM, mto b 
cnoco6e A^arHocTHKH KOHTaKTHOfi CBapicn, 
BKnioMaioiyeM omnHeCKoe cpopruinpoBaHne 
MHcppaKpacHoro usnyMeHMH TennoBbix cjibaob 
CBapHoro ooEAHHeHna H3 oKonoaneiapoAHOM 
oenacTM noBepXHOCTM aetanw. npeo6pa30BaHMe 
MS/iy^eHun b sneicrpuMecKne cumajibi, 
cpaBHeHne nx c 3anaHHbiMM noporoBbiiwn 
ypoBHRMU, o6ecneMeHMe saflaHHoro cnexeHMfl 
3a noporoBWM paccornacoBaHneM, corracHo 

M3o6peTeHMK> c})OpMHpyiOT TepMOBOSAeMCTBWa 
MHCppaKpaCHbIM H3/iyM6HMGM Ha o6-beKTbi 
AHarHOCTHpOBaHMj), M3CTOTHO cpunbTpyior 

nH(ppaKpacHoe nsny^eHne u no Heiny 
onpeAerifiioT cocrosiHue noBepxHoc™, 
3arpa3HeHne ASTaneR vt aneKTpoAOB, 
a/ieicrpuHecKvie npeo6pa30BaHMR ocymecTBnsioT 

TepMOAaTMMKOM C TOHeMHOB HOBepXHOCTblO 

BoonpunTMn TennoBbix curHanoB, c 
cpopMnpoBaHMeM us hmx sneKTpkiMecKoro 
cm-Hana Ui, rfle i - Hoiuiep TOHeMHoro 
aneMeHTa. ymiTbiBaioT annsiHue KoneoaHntf 
Hanpf)>KeHH5i anexTpmecxoti nuTaffimeii cervi, 
TSXHonornwecKnx msmi ^ 
cBapusaeMbix AeTaneCi v 



nsMeHeHun aMnnmyA ncxoAHbix curHa^oB 



npeo5pa3yioT nx b rpaAneHTHo-3KCTpeManbHbie 
cumajibi nyieM MOAennpoBaHnsi 
AHCpcpepeHt|nanbHoro ypaBHeHMfl 
TeruionpoBoflHocTn, no cyMNiapHOMy 
3/ieKTpn4ecKOMy curHany U c 
TepMOMyBCTBHTenbHbix sneMeHTOB AaTMMKa npn 
swiioMeHMn TOKa onpeAerwroT HanwMvie 
CBapoMHoro npoijecca. Ha Bb)6paHHOM y^acTKe 
HapacTaHna Toica onpeAensioT B03MOXH0CTb 
neperpeBa, HopMbi, HenpoBapa, 
TBepAoR cpasw, noporoBbiMH 
mm ypoBHeM onpefle/iaioT 
ujyHTupoBaHne ot KacaHMH AeTaxibio 
TOKOBBAyiUMX MacTePi o6opyAOBaHMfl, BHeceHwe 

3HaMMTe/lbH blX MamMTHblX MaCC B CBapOMHbIM 

KOHTyp, noporoBWM npeBbiiueHneM ypoBHePi ot 
penepHbix oSnacTeK CBapoMHoro o6opyAOBaHHH 
onpeAeJWWT ero neperpeB, onpeAe^siioT M3Hoc 
3/ieiapoAOB npM npn6/iM)KeHMM k rpaHMi4aiui 
AMamocTupyeMbix cocto^hum BbinnecKa, 
neperpeBa Ana JierKwx wieTannoB m cruiaBOB, 
^erKonnaBKnx noKpbrruM, HenpoBapa 
cTanefi m nx cnnaBOB, TMTaHa m ero cnnaBOB, 
MHTerpupoBaHneM U no saAaHHOMy BpeMeHM 
ocTbiBaHMfl AefanePi noA 3neiapoAaMM 
onpeAeraioT ypoBeHb AocTMrnyTbix paswiepoB 
ceapHoro coeAHHeHMn, no AMHaMMKe psvoKemst 

rpaflneHTHO-3KCTpeManbHoro cwrHana 

U | penepHoii o6nacTM Ha Aep*aTene ojieiapofla 

Ot(eHMBaiOT COCTORHMe CMCTeMbl OKaTMJI 

onewpoAOB, BpeMeHHbie cTaflMM CBapKM. 
rny6MHy BflaBnMBaHMB sneicrpoAa B AeTanb. no 
ruiocKocTHOMy pacnpeAeneHMio 
rpaAMeHTHO-SKcrpeManbHbtx cMinanoB 
U | onpeAewiOT noAXOAbi k npMXBaTKe, k Kpaio 
cBapMBaeMbix AeTaneii,-- reoMerpunecKM 
onpeAeJimoT cpopwy m nepeKOC sneKTpoAOB, 
nepeKoc AeTanefi oTHocmeribHO aneicrpoAOB, 
noxajiM3yiOT o6jiacTM neperpeBa, no KOTopbiM 
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7} 
CZ 



onpeflensioT ushoc o6opyAOBaHna. b tom wane 
rn6Koro Kaoena csapoHHoro Toi<a, ocna6/ieHne 
xpenneHKH TOKonoABOflau^nx sneMeHTOB, npw 
noKanbHOM yMeHbiueHMM ypoBHfl U j HarpeBa 
onpeAenaioT ocipbie kpomkh nosepxHocTHbix 
AecpeKTOB, b tom HMone noncio Ha AeTann or 
BflaBnuBaHiw 3neKTpofla, npn noKanbHOM 
neperpese b npotjecce oxna)«AeHMH cBapHoro 
coeAMHeHun o6Hapy>KHBaioT noBepxHocTHbie m 
noflnoBepxHocTHwe flecpexTbi HecnnowHOc™ 
AeTaJiew n CBapHoro coeAMHeHns, npn 
coBnafleHnn TepMorpaAHeHTHbix Kpusbix 

OCTblBaHMfl OAHOrO M3 STaTlOHHblX VI 

KOHTponwpyeMoro yqacTKOB onpeflenflioT 
TBepAOCTb ynacTKa AeTann win OBapworo 
coeAHHeHMfi, KBaHTyioT n 6nHapHo npeo6pa3y»T 
rpaAneHTHO-sKcrpeManbHbie cvirHanbi 
AnarHocTMpyeMbnc oSteKTOB c nonyMSHweM 
cnma/ioB no3HTHBHoro Ui(1,0) n HeraTMBHoro 
Ui(0,1) KOHTpacTos. no pacnpeAejieHwo 
no3MTMBHoro KOHrpaoTa 4(1,0) onpeAeJiHWT 
reoMeTpMMecKne neHTpu, Tpaeicropnn cKeneTOB. 
MecTonono*:eHMe, pa3BeTBJienHocTb y3noB 
npoTajKeHHbix TpaeiaopnR, n3MeHeHne 
HanpaBneHWi TpaeKTopnn B cpaBHeHi/in o 
3TanoHHbiM, nnomaAb. o6-beM, npoTH«eHHOCTb, 
KOHCpMrypaqwo, opueHTaunro, oKopocTb, 
HanpasneHMe AsnweHMH, cTaTncTnwecKMe 
OL^eHKM pacnpeAeneHMJi o6*>eKTOB, no 
pacnpeAeneHMio HeraTMBHoro KOHTpacTa 
Uj(0,1) onpeAenaioT 3aMKnyTocTb TpaeKTopnPt, 
KOH($)nrypaMM« o6"beKTOB, paccTOjmnfl Meway 
humm. KpoMe Toro, HHcppaxpacnoe nsnyHeHne 
TeruiOBUX cneflpB CBapHoro coeAWHeHMH, no 
KpaiiHeii Mepe npn TexHO/iorwMecKOM noflroTOBKe 
npowsBOACTBa, onTKHecKn cpopwinpyioT na 
MewAysneKTpoAHoR oSjiacTW, a no M3MeHeHwo 
Tuna KOHTpacTa b npoueccax HarpeBa u 
oxna>KAeHMa vmvi oxna>KAeHM5i c nepexoAOM ot 
HeraTnBHoro U;(0,1) k no3HTMBHOMy Uj(1,0> 
KOHTpacTy paonpeAe/ieHMfl 
rpaflHenTHo-3KcrpeMaribHbix cnraanoB 
onpeAenflioT HannMue unit OTcyTCTBue 
BHyTpeHHUX flecfieKTOB HecnnoaiHOcni. 

H3o6peTeHne noacHweTCfl qepTexaMn m 
Ta6nnqeCi. 

Ha cpnr. 1 npeAOTasneHa 67i0K-cxeMa 
TepMOceHCopHoro ycTpoiteTBa AnamocTHKH 
KOHTaKTHoR CBapxn (KC). noacH5)K>mas oflHy 
BOSMOWHbix peann3aMHvi cnoco6a B KOHType 
npoBefleHMH TeXHonorvwecKoro npouecca. 

B Ta6nnt<e 1 noK33aHbi o6-beKTM, oo/iacTH 

BM3MpOBaHMH HM AKarH0CTH4eCKHX 

xapaKTepncTMK TepMOceHCopHoro 
AnamoCTupoBaHna (TCfl). 

Ha cjanr. 2 - npwMep pacno/ioxeHMB soh m 
o6nacTeii BH3npoBaHHH KC. 

Ha a>nr. 3 nnniocTpnpyeTCfl npuiuiep 
6noK-cxeMbi npoqecca KC. 

Ha ct>nr- 4 - crpyicrypa sTanoe TCfl KC. 

Ha (pur. 5 - MHtpopMaunoHHaa cTpyiaypa 
TCA KC. 

Ha cfcnr. 6 - 6noK-cxeMa ocHOBHbix 
BsanMocBHseii onepai^MOHHbix npeo6pa30BaHM(i 
TCfl KC. 

Ha (}>nr. 7 - anropnTM A1 TepMoceHcopnbix 
oueHOK awnnnTyAHbix 



Ha 4>nr. 8 - anropnTM A2 TCfl 
cneAOB KC. 

ripeAycMaTpnBaeTCH yneT AHCTaHL(noHHoPi 
nepeAa^M MM nocpeACTBOM oBeTOBOAOB, a 
MacTHocTU 3epKaribHbix oTpa«aTe/iePi vim 

CBeTOBOJlOKOHHblX SHAOCKOnOB. Ho 3TO AH5I 



ynpomeHH« Ha c^iir. 1 He ni 

B KOHType Ha $nr. 1 6noK 1 
TexHO^ornnecKoro npot<ecx;a BKmonaeT cwcTeMy • 
ynpaaneHMB cBapKOM 1.1, b KanecTBe KOTopoR 
Moryr ncnonb30BaTbCfl TaKMe oSbeKTbi. KaK 
paannHHbie aBTOMaTMsnpoBaHHbie cucTeMbi, 
Ha/iaAHMK npn nx HacTpoPiKe nnn 
pa6oHMti-cBapuiMK. KpoMe Toro, b cooTaB 6noKa 
1 bxoast: cucTeMbi oxaTnn sjieiopoAOB 1.2, 
oxna)«AeHMW 1.3, n cpopMnpoBaHUfl toio 1.4 
(BWiioHaiomasi Ka6enb 1.4.1 BTopHHHoro 
KOHTypa); Aep>KaTerib noABH>KHoro 3jieKTpoAa 
1.5, noABnxHbiPi 1.5.1. n HenoABtWHbiPi 1.6 
aneicrpoAbi; AeTa/in 1.7, noAne*amne cBapKe; 
co6paHHaR noA cBapxy KOHCTpy^ns 1.8; 

q KOHCTpyKHMSi 1.9, c npMXBaTKoiS 

1.12^ o' 



1.10, 



O&beKTbl 1.1 



OKe HflpOM 1.15. 

-1.5, 1.8. 1.9 b npouecce KC 
AonoJiHnTeribHoro HarpeBa 
(aKTMBHoe BM3npoBaHne) ooriaAaioT TennoBWMn 
cneAaiwn 2 TennoBbix o6pasoB npoi^eccoB 
(pyHK4noHnpoBaHHfl ooopyAOBaHiw n 
(topMoo6pa30BaHHJi, AnamoompoBaHne 
coctowhum KOTopbix flBJisieTCH L<eribK> TCfl. 

TepiuioceHCopHoe flMamocTHMecKoe 
ycTpoiScTBO 3 BWiWHaeT peabneKropHbifi 
onTHHecxnB 6noK 4, BcnoMorare/ibHbiPi 
M3^yHaTe/ib 5, npocTpaHCTBeHHO-BpeMeHHO« 
<t>wifeTp 6, oneiapa/ibHbiR cfinnbTp 7, 

TepMOAaTMMK HSnyMeHMH 8, C TOHeMHblMM 
TepMOMyBCTBHTenbHblMH 3/ieMeHTaMH i, 

ooHOBHofi nsnynaTe^ib 9, Aamnx TeMnepaTypbi 
cpeAbi 10 (cocTaBraioiuHe onTnKconeiapoHHbiii 
KaHan, BM3npyeMbiCi Ha aoHbi TennoBbix cneAOB 

2 HenocpeACTBeHHO Rnw Mepe3 cBeTOBOfl, 
npnneivi TaKnx KaHanoB b yoTpoCicTBe 3 MOKeT 
6biTb HecKontKo), a TaioKe onepaLinoHHbiw 6nox 
11, perncTpaTop 12. Kpowe Toro, b ycTpoiicTBO 

3 MO>KeT BXOAMTb npMBOA 13. 

flna HaAesKHDM 3amnTbi ot ncKp, BbinnecKOB 
npn HacTpofiKe n Bbi6ope pewnMOB nepeA 
onTMKO-3neKTpoHHbiM(n) KaHanoM(n) mokst 
6biTb nocTaaneH(bi) nponycKaioinnnfe) HH, 
Hanpnwiep, oeTOMHbiM(e) 3Kpan(bi) ns 
BwcoKOTennonpoBoAHoro MeTanna (Ha $nr. 1 
Ann ynpomeHHH ne noK33aHo). 

PecpneiaopHbiw omm&cmv\ 6hok 4 
npeAcraBnneT C060K aepKanbHbiCi o6"beKTMB c 
ocHOBHoii nnomaAbio Bocnpn«TMJi rennoBoro 
cneAa 2 n c o5/iacTbio, OTKpbiToCi Ana nponycxa 
BcnoMoraTenbHoro nsjiyMeHnn nsjiyMaTenn 5. 
OmwecKafl ocb stow o6nacTM c 



x o6jiacTeR cpnnbTpoB 6 H 7 n 
BocnpnHnwiaioiqePi o6nacTn TepMOAaTMMKa 8. 
TeoMeTpnn nnomaflefi BM3wpoBaHnq nx noflo6Ha 
reoMeTpnn 6/iOKa 4. OcHOBHas cfjyHKunB 6noKa 4 
coctout b tpopwinpoBaHnn Ha 4>nribTpax 6,7 m 
TepMOAamnKe 8 nanyneHnsi ot TennoBoro cnepp 
2 v>m nsnyneHnfl or oohobhoto ns/rynaTenR 9 
oAHOBpeMenno c nponycKawneM 

BcnoMoraTenbHoro V)v) ot nsnynaTe™ 5. B 

COCT3B 6J10K3 4 MOXeT BXOAMTb npnBOfl 13, 

3/ieKTpnMecKn ynpaBJinewibiK 6tiokom 11 Ana 
<J>oKycnpoBKn « opneHTayHw. 

BcnoMoraTenbHbiti nany^aTenb HH 5 
3/ieiapnHecKn noAKnioneH k oriony 11 n 
onTnMecKn opneHTnposaH Ha BcnoMoraTenbHyio 
o6nacTb TepMOAaTMMKa 8 Mepes 
cooTBeTCTByiomne o6nacrn 6no«a 4 u 4>nnbTpoB . 
6,7 H3nynaTeTib 5 pp» pa3nnMHbix 3aAaM b 
pa3Hoe BpeMfl no nporpaMMe 6/iOKa 11 



o6ecne>HMBaeT cpyHKUHW HananbHoPi u TeKymefi 

KaJlw6pOBKM, TBCTHDOBaHMH W 

reTepoflMHupoBaHHJ). 

npoCTpaHCTSeHHO-BpeMeHHoW CpMJlbTp 6 

sneKTpuMecKM ynpaBnaiomwu bxoaom coeAwneH 
c 6jiokom 1 1 m onTHMScKM coocho pacnono>KeH 
Me>KAy M3nyMaTeneM 5, 6jiokom 4 h 4>njibTpoM 7. 
Oh peann3yeTOH MHoroaneMeHTHOfi, b 
MacTHOcTO, )KMflKOKpMOTannnMecKoCi cTpyirrypoCi 
c onnwecKofi npospaMHOCTbio a 3aBMCMMocTM ot 
Ben mm mh hi w reoMeTpMM noflaMM Ha aneiapOAbi 
cooTBeTCTByiomMX 3/ieMeHTOB noTeHL(nanoB c 
6/ioKa 11. B Haoop ynpasnaioinMX cpynKi4MH 
cpwribTpa 6 bxoaht: o6TiopaLiM«. 
paccfcoKycMpoBKa c ncno/ib30BaHneM 
KoppeJwqwoHHoPi onTMMeoKoR cpunbTpaqiw; 
sneiorpoHHoe BpameHne noxiocoBoro 0wibTpa 

M3o6pa>KeHUfl BXOAHoro nany^eHMH c ujupuHoii 
no/ioc nponycKaHMa m nepeKpbirmi, 
MHCpopMaTMBHOfl flnji onpefle/ieHHbix ycxnoBHO 
crarn4ecKnx (Ha BpeMH onepai^woHHoro 
npeo6pa30BaHM5i) una flBUKymnxon o&beiaoB 
KOHTpona; <£opMnpoBaHne BpamaeMoro 
OTHOCHTenbHO coBMemeHHbix neHTpoB 
M3o6paxeHnn KOHcpwrypauvw oflHoro va 
STanoHHbix o6i=eKTOB no 
pacnoawaBaeMOMy 

CneiapanbHbiiS cfcwnbTp 
coeflnweH bxoaom c bmxoaom 6noKa 1 1 n 
onTunecKM ooocho pacnonoweH MejKAy 
CpHflbTpOM 6 U TepMOAaTMMKOM 8. <PyHKi(neft 
(junbTpa 7 HBraeTca cneicrpanbHaa 

CflMnbTpaLlMa BXOflHOrO l/13nyseHMS C B03MO>KHblM 

ynpaBneHMeM ot 6noKa 11. 

TepiwoflaTMHK nanyweHna 8 aneKTpMMecKM 

OOeflMHeH C 6nOKOM 11 O B03MO>KHOCTblO 
ynpaBneHMfl MyBCTBMTeribHOCTblO, KOHTpaCTOM H 

onTunecKM pacnoxiojKeH Me«Ay 4>mibTpoM 7 v\ 
ManyMaTenew 9 Ha ny™ npoxoflamux Mepe3 
cpunbTp 7 ocHOBHoro BH3npyeMoro ot 6jioKa 4 n 
BonoMoraTeribHoro ot 6noKa 5 MM. HasHaneHMe 
aaTMMKa 8 - npocTpaHCTBeHHO-BpeMeHHoe 
npeo6pa30BaHne b a/ieiapuHecKne cnmanbi 



B 3aBM0MMOCTH OT KOHKpeTHblX 3afla4 CBapKH 



TepMOflaTMMK 8 MOJKeT 6blTb BbinoriHeH B 

cneflyiomux BMflax. 

KaK - OTflenbHbie TepMonpneMHMKM, B tom 
Mucne nupoarieKTpn^ecKMe, o6bNHbie mjim 

n03HL\MOHHO-MyBCTBMT&nbHbie MOflynw HM. 

opi^eHTupoBaHHbie no o6beicraM BM3npoBaHna 
(cm. Ta6n. 1 w cjjur. 2): oKpecTHocTH 
cBapuBaeMoro coeflUHeHwa - soHa 31; 
OKpeoTHOOTM nbflxofla k npMXBaTKe, k icpaio 32 
(Bnepeflio no xofly flB^WKeHMM csapoHHoro 
nHCTpyiweHTa); oKpecTHOOTH ocTbiBaromero 
cBapHoro coeflMHeHMfl - 33 ; OTKnMKa ot 

flOnoHHHTeribHOrO TepM0B03fleScTBMH 34; 

o6nac™ 30H HanpoTMB noABMXCHoro sjieKrpoAa 
035, HanpoTWB HenoflBMXHoro - 036, 
Mewys/ieiapoflHoPi - 037, penepHbix Ha 
KOHTponnpyeMbix noBepxHOCTJix ooopyAOBaHMS 
038 (Ha noflBMKHOM flep*aTene 1 .5 3/ieKrpofla 
1.5.1), 039 (Ha npMMepe Ka6enj) 1.4.1. 
BTopuHHoro KOHTypa). npviMeM 

onTMKo-srieKTpoHHbie KaHanw 

OK0nO3JieiCTp0flHOrO BWSHpOBaHlW 

opweHTupoBaHbi oooTBeTCTBeHHO Ha o6riacTu 
035,036 a ncnonb3yeMbiii npenMymecTBeHHO 
npH TexHonorviHecKoii noflroTOBKe npon3BOflCTBa 
KaHan uexpyan&Yjpopnom BusnpoBaHns 
opneHTMpoBaH Ha o6nacTb 037 soh 31-34. 
OTflenbHbie KaHanbi BW3npy>OTC$i 06/iacTflMM 



038,039 Ha KOHTpo/inpyeMbie noBepxHoc™ 
1 .1-1 .5 m MoryT 6biTb ynpoiiieHHbiMn (HanpwMep, 
conepxaT TO/ibKO TepMOflaTHciK 8, c 
nwponpHeMHMKDM prist 038 miM c 
nupoarieKTpMMecKOii jiMHefiKoR Ana 039 npM 
KOHTpone 1.4.1). npn ysKofi cnemiajin3aLtkii<i b 
TepMOflaTMMKe B ncnonbayioTcfl 
flByxnnomafloHHbie nwposneiapHMecKne Mopym 
c opneHTaL4MeCi BTopux nnomafloK Ha 
BM3npyeMbiCi n3/iyHaTenb 5, c ycnoBHbiM 
USHTpoM pacnoriaraeMbiM no ocm TpaeKTopnn 
niBa b cBoBoflHoft o6jiacTM (He o6si3aTenbHO B 
uemrpe) BiiskipoBaHMfl. 

KaK - MHoroaneMeHTHbie cTpyicrypbi 

nonynpOBOAHMKOBbK 4yB0TBMTeribHblX 

3neMeHTOB oSHapyxeHnsi m pacno3HaBaHns 

o6beiCTOB HH C SneKTpOHHbIM CKaHWpOBaHkieM 

nepeMMcneHHbix o6nacreii w soh BMSwpoBaHHa. 
KaK - KOM6nHa4na 

n03MLtHOHHO-HyBCTBHTenbHblX MOAynefi 

oeHapyxeHna m MHorosriewieHTHbix CTpyioyp 
pacnosHaBaHMB o6-beKTOB V\\A. 

KaK - coBMemeHMe cpMKcupoBaHHbix no 
BMSHpoBaHMK) MOAynePi VI cTpyKryp c 
AononHMTenbHbiM McnonHeHneM 

cTpyKTyp noMCKOBoro 
c npMBOAOM 13) AecpeKTOB 
: 33, 34. B pnp,e cnyMaeB pp* 
BusvtpoBaHun L(enecoo6pa3Ha 
cTpyioypa TepMOAaTHnita 8, noAo6Haji 
3pnTenbHoi4, c 6onee MacTbiw pacnonoKeHwsiui 
s/ieMeHTOB k ycnoBHOMy KonbueBOMy L^eHTpy, 
BHyrpn nponycioiomeMy VM M3nyMaTenB 5. 

B03MOJKHO 06-beAMHeHMe CpUXlbTpOB 6 M 7 H 

TepMOAaTMMKa 8 b eflMHyio nonynpoBOAHMKOByio 
crpyKTypy, 4to npn cnoxHofi TexHonoraHecKoR 
npopaooTKe Ha HanaJibHOM STane, MMeeT 
npenMymecTBa B o6ecneMeHMH Hafle>KHO0TM, 
Bece, ra6apnTax, TexHoriorvmnooTn m b 

MHcfcpaKpacHbiFi nsny^aTenb 9 MH 
sneicrpuMecKM coeAnneH c 6noKOM 11 m 
onTMMecKM opueHTHpoBaH, KaK noKa3aHo Ha dpm. 
1, Ha 6jiok 4. *yHKi<MH nsrrynaTe™ 9 B pa3H0e 
BpeMfl cocTaBriRioT: HanaribHyio n Texymyio 
Kann6poBKy, TecrnpoBaHHe, 
rerepoAMHupoBaHne, aKTMBHoe BusMpoBaHwe 
HanpaBneHiw Ha o6beKT, oBecneHeHne 
cneKTparibHbix oueHOK m ocHOBHoe 
MMnyribCHypo nnn HenpepbiBHyw reHepaMnio WA 
npM cKaHnpoBaHWH KOHTponnpyeMoro 06-beKTa. 

flaTHMK TeMneparypbi cpeAbi 10 noAKHWeH 
BbwoAOM k onepaqnoHHOMy 6/iokV 1.1 n 
pearn3yeTca, Hanpniuiep, Ha Case KoHTaKTHoro 
nonynpoBOflHMKOBoro TepwonpneiuiHiiKa, 
4rapMMpyiomero a6coriK5THbie 3HaMeHMfl 
TemnepaTypbi. 

OnepaLjuoHHbiti 6/iok 11 npeAOTaBraeT 
co6oPi KOMnbioTep c MHTepcpeCtcHbiMM y3naiun 
conpweHMB Ha aHanoroBbix sxoAax m BbixoAax. 
B KOHKpeTHbix cneqMaiinsnpoBaHHbix 
npMMeHeHMSix B03Moxna MuiKponpoueccopHaa 
win aHanoroBafl peannaam^a 6noKa 11. 
06ecneMMBaeMbie nporpaMMHO n cbs3simh c 
6noKOM 1 , c HsnyHaTeraMM 5, 9, c cjsnnbTpaMM 
6, 7, c TepMOAaTMWKaMH 8. 10 c perncTpaTopoM 
12. <t>yHKi(iiM SnoKa 11 coctoat b 
npeo6paaoBaHMflx: mcxoahoPi HacTpofiKn o 
yMeTOM BKSMDOBaHMH VI cpoKycupoBKn Ha 
MHCpopMaTMBHbie o6nacTn M SOHbi; 

aiuinnnTyAHoro cnexeHMfl no Kann6poBKe 
HyBCTBHTenbHobTH, no oi^eHKe n3nysaTenbHOvi 
cnoco6HOCTM o6-beKTa; 

KOppe/lflLIMOHHO-TepMOrpaMMHOM oqeHKM 
TBepAOOTM, o6pa6oTKn cnmarioB KC, 
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paCn03Ha8aHMfl MHCpOpMaTHBHblX yCJIOSHO 

TcwewHbix m npoTSUKeHHbix o&beicroB no MX 
oi4eHK3M npeMMymecTBeHHO Ha ocHose flanee 
paccMaTpwBaeMbix 6a30Bbix Mofle/ieK. 

Flpn CbopMMpOBaHMM oqeHOK, npM 
o6Hapyx<eHmi ncxoflHbie fluamocTMpyeMO 
o6i>eKTbi Moryr 6biTb npeACTas/ieHbi Kaic: 
TcweMHbie, oflHO-, flByx- m TpeXMepHbie, 
cBOflfltuwecs) k AByxMepHbiM ceMeHMMM; Ha 
BpeMH npeoepaaosaHMfi ycnoBHO CTaTMMecKne m 
flBVDKymnecfl; pa3JMMHbix xapaKrepMCTMK 
nnomaflM vt reoMeTpnw; npewMymecTBeHHO 
MHBapnaHTHbie k MaciuTa6y u no/ioxeHMio b 
none H3o6pa>KeHHfl; KOHTpacTHoro noawTWBHoro 
unH HeraTMBHoro 4>OHa. 

flns hmx 6asoBafl Moflenb MMeer bma 



kE-H = 



npn ycnoBHO cTaTWMecKoR Ha BpeMn 
6bicTpoAeMCTByiomeCi peannaannn (1) oo/iacTw 
aaflaHun c KoacpcbimweHTOM npeo6pa30BaHHjq K 
cumanoB moxoahoto MsoopaxeHUH E(x,y) a 
cumanbi npeo6pa30BaHHoro n3o6pa>KeHMa 
H(x,y) c KoopAMHaTaMM x, y. 

KO3<p0kmMeHTaMM a, b COOTBSTCTBeHHO 

MOAennpyioT HaKomeHne, paawbiTwe cvtrHanoB. 
TaKMM o6paaoM c yneTOM KoacbcbL^MeHTOB a, b, 
k moo/t CKnaAbiBaTbCfl Ma/iopa3MepHbie. 
MMnyribCHbie nowiexn Ha hcxoahom E(x,y) bo 
BpeweHU t. 

Ea30Baa AHHaMUMecKan MOA&nb MMeeT bma 



c ABn*yLnei>ica oenacTbio aaflaHiia h 
npoexuHAMH BeiaopoB CKopocTefi V „ Ha 
ropnaoHTanbHyK) ocb X w V y Ha sepTHKanbHyio 
ocbY. 

OflH03HaHHOCTb 6a30BblX MOAaneH (1) n (2) 
onpeAenaeTcn HananbHbiMM yc/ioBUHMM H 0 = 
E(x.y) H n 



MoxoAHbie E(X,Y), npeACTaenJiiomne 
o6bNHO cMmanbi Tennoawx msmshshmCi, c 
BbixoaoB nuponpneMHUKoB TepMOAaTMHKa 8 
npeo6pa3yioTC5i b rpaAneHTbi H(x.y) c 
MHtpopMaTMBHWM Ay6/iupyiomiiM 
npeflCTaBJieHMeM aMnnniyflbi u nnou\am 
pacreKaHwa wcxoAHoro B03AeCicTBHfi. 

PaccMOTpeHHbie MoiAHbie cbunbTpaunoHHbie 
npeo6pa30BaHM5i (1), (2) nosBO/wioT 

CyiAeCTBeHHO OTCTpOHTbCSI OT M3MeHeHMft 

M3jiyMaiomeR cnooo6Hoc™, Tennocbn3MHecKMx 
xapaiaepucTMK MaTepnanoB n TennooTAaHw, 
SHaHHTenbHO ncKa>Kaioii|MX pesyribTaTbi 
TepMOKOHTponn HH. 

npeACTasneHHwe b paam^Hbix cpopMax 
ypaBHeHMfi Ten/ionpoBOAHocTM moasjim (1) u (2) 
AHHeKHbi npu HenpepbiBHOft, H30TponHoPi 
o6/iacTM 3aflaHHfl, c He3aBucMMocTbK> 

CBM3M4eCKMX CBOMCTB MOAeflbHOM CDeflbl OT 

K03tpcbMLineHT0B anb rpaHHLfax X 0 -X r , 
Y c -Y r KaApa M3o6pa>KeHHfl. TeM caMbiM ohm 
KoppeKTHbi m HMeioT flOKa3aTenbCTBa 

CyiAeCTBOBaHUH, eAKHCTBeHHOCTM. 
yCTOkWHBOCTM pemeHna. 

TaKoe pemeHne c bmcokum 
6biCTpoAeftcTBneM u HecnoxHOM 

nporpaMMHo-TexHHnecKoR peann3annefi mo>kst 
6biTb nonyjeHo c noMombio nHTerpana cBepTKM. 

T.e. C MCnOJlbSOBaHHeM M3BeCTHblX MeTOAOB M 



cpeflCTB onTHMecKoR n 3neicrpoHHoH 
paccboicycupoBKM. BoaMoxna Taic«e peannaannn 
MeTOflaMM L(ncppoBoro, aHanoroBoro, 
KBaanaHanoroBoro (3KBHBajienTHoro no 
peay/ibTaTaM) MOAennpoBaHMji c noMombw 
KOHeMHO-pasHOCTHoPt annpoKCMMamiM, c 
ncnojib30BaHneM cbyHAaMeHTanbHoro peiueHiw 
KeribBMHa n AP- 

flna crio)KHbix samyMxieHHbix 
viHcjiopManMOHHbix MaocuBOB yHMBepcanbHaji 
nporpaniMHan KOMnbioTepHaa v\m 
cnennann3npoBaHHafl nporpaMMHaJ) 
MMKponpoL|etx»pHafl peaju-raamw b 6noKe 11 
6asoBbix MOAe/ieii (1) hjim (2) nosBoiweT c 

nOBbttlieHHOpi TOHHOCTblO M 3CpCpeKTMBHOCTblO 

cbopMMpoBarb saKOHOMepHocTH HaKonneHMsi vt 



Pea^H3aL(MP 6asoBbix npeo6pa30BaH^ii (1) vi 
(2) pasnMMHbiMM cnocx36aMM yBexiHHMBaeT 
rw6KOCTb o6ecneMeHwi yHMBepoanbHbix 
BOSMDJKHOCTeii ycTpoMCTBa. TaK, onTMMecKas 
paccboKycpipoBKa mojkbt peannsoBaTbCH 
6noKaMM 4. 11 noopeAOTBOM npuBOfla 13. 
OAHaxo oHa cBsi3aHa c BBeAenneM TonbKO 
TayccoBa paccpoKyonpyioinero npeo6pa30BaHMfl 
n 3HeproeMKHMw onepaiiusiMM. 3KBHBaneHTHoe 
paccpoKycupoBKe npeo6pa3oB3Hne ncxoflHoro 
MsnyMeHUfl mo>kho nojiy^MTb nepnoAMHecKofi 
noAaneft Ha ycnoBHO LteHTparibHbie 
MyBCTBMT6/ibHbie 3/ieMeHTbi AsyxnrioiuaAOHHbix 
(MHoronnoL4aA04Hbix) nupoaneiapuMecKnx 
aneMeHTOB TepMoflaTMMna 8 BcnoMoraTenbHoro 
rerepoAUHHoro ns/iyMeHH«, c M3nyHaTe/iH 5. 
Ommetxaa mppemu,m, Mcno/ibayioiAaa 
paocboKycupyioiAMe MaoKM b (t>nnbTpe 6, 
ynpaa/weMOM 6noKOM 11, MOJKeT 6biTb 6onee 
yHMBepcanbHoCi m 6wcTpoAePicTByK)ineii, ho 

CBSSaHa C OTHOCMTenbHOM cnO>KHOCTbK) 
CDMAbTpOB. 

PerncTpaTop 12 sneKTpuMecKM noAKnioneH K 
Bbixofly onepa4HOHHoro 6noKa 11 n 
onpeAermeTCP, b HacTHocTn, cpeACTBawin 
KOMnbioTepHoH peannsai^nn OTo6pajKaewibix ot 
6/)OKa 11 xapaKTepucTMK o6i>eKTa v\ CMmanoB 
ynpaaneHMn. PerwcTpaTop 
o6eGne4MTb HacTpoPiKy, 
Ham«AHocTb pe3ynbTaTOB BbinoriHfleMbix 
ocHOBHbix cpyHKUHii yCTpoficTBa. 

B OTflejibHbix cnyMasw KOHKpeTHbix 
npuMeHeHMfi ycTpoficTBO 3 MoxeT 6biTb 
ynpomeHO sa oMeT: ncno^b30BaHM« cBeTOBOAOB 
(cymecTBenHoe yMeHbiueHMe KO/inMecTBa 
xaHanoB yCTpoficTBa 3); cooTBercTBytomux 
KOHCTpyiojufi TepMOAaTHHKa 8, 6jioKa 4 M 
npusoAa 13 (BnnoTb pp oTcyTCTBM«, t. k. 
oneiapoHHoe CKaHnpoBaHne npn AOGTaTOMHoPi 

3CbcbeKTMBHOCTM 6/lOKa 4 M ASTMMKa 8 MOXeT 

MMeTb npeHiwyiuecTBa b ooecneMennn 
HaAe>KHocTM); oTcyTCTBua cbunbTpa 6 c 
nepeHeceHMeM ero cbyHKiiMii Ha nporpaMMHyio 
o6pa6bTKy b 6jiok 1 1 - 

BiwecTe c reM, b Han6onee nonHbix o6teMax 
annapaTypHO-nporpaMMHoe ncnorib30BaHMe 
SnoKOB 4,11, nanyMaTeneti 5,9, cpwibTpoB 6,7, 
TepMOAaTMMKOB 8,10, pemcTpaTopa 12 M 
npuBOAa 13, K3K aha HaHa/ibHbix 
npeo6pa30BaHnPi m 6a30Boro MoflenMpoBaHMJi, 
tsk n Ann o6eoneMMBaiomnx onepannoHHbix 
cymeoTBeHHo yBenwMUT 
ycTpoPicTBa n ynpocTMT 
nporpaMMHyio o6pa6oTKy. 

PaccMOTpuM npeACTaBneHHbie b Ta6n. 1 m 
Ha cpur. 2-5, onpeAenaioiuMe cnoco6 
AnarHocTMKM KC, nuarHocTupyeMbie o6t.exTbi, 

(byHXl^HM. npH3HaKH M SOHbl KOHTponn. 
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B Han6onee noxiHOM o&beMe BM3npoBaHne 
cornacHO npuMepy Ha cjjwr. 2,3 MO)KeT 
ocymeoTBJiflTbcn Ha CTaflMH HacrpoPtKM, 
OTpa6oTKM TexHonornM. npn stom Ha o6pa3i<ax 
npn OTpa6oTKe pexwuoB b pa3nn4Hbix paKypoax 
Moryr Mcno/ibaoBaTboq Bee 30hu 31-34 n 
o6/iacTM soH 035-039. HeKOTopoe 
npenMymecTBO ana oTfleribHbix 3afla4 wneeTcj) 
b ncno/ibsoBaHUM 036 y HenoflBiDKHoro 
snenrpofla 1.6 sa oteT MMHUiwajibHoro a/mflHua 

3acBeTOK OT nOCTOpOHHUX MCTOMHMKOB M 
yMeHbtljeHMH B/MSHKia flMHaMMKH ABtWeHUa 

aneiapoaa. npewMymeoTBO 037 3aKnKwaeTca b 
B03MOXHOCTM HenocpeflCTBeHHoro Ha6/iiofleHMSi 
no KpaiiHeM Mepe Ha o6pa3i(ax npn 
TexHonorMHeoKoW noflroTOBKe b 30Hax 31-34 
noacxa TBepfloii qba3bi 1.12 BOKpyr TiMToro BApa. 

B nepeflHeH no TpaeKTopwM csapHBaeMoro 
ToneMHoro tuBa o6/iacTn TennoBoro cnefla 2 
mo>kho Ha6/iK)AaTb noflxoflbi k npuxBaTKe, k 
pa3nn4HbiM BHAawi Kpaes. flna Ha6jiioAeHna n 
reoMerpuMecKoPt oi^hkm b 30Hax 31-35 MoweT 
McnoribaoBaTbCfl KaK naccuBHbiCi npneiu 

M3/iyMeHMH, T3K M aKTMBHafl nOflCBBTKa (c 

noMouibio nanynaTana 9) w npneM b pa3nnHHbix 

MaCTHX 4)HnbTpOB 6,7 M HyBCTBMTeflbHblX 

aneMeHTOB i TepMOAaTHHKa 8. 

MoxeT 6biTb McnoxibsoaaHa aBTOMaTMHecxaa 
petynnpoBKa onTUKo-aneKTpOHHoro KaHana m 
pexMMa aKTWBHoro BU3npoBaHua o noMotAbW 
ynpasnaeMoro npMBOfloM 13 6noKa 4. 3ro 
Meneooo6pa3HO b pnae onyMaeB npn 

yTOMH«k)meM CKaHMpoBaHUM MecTa 

npeflBapnTenbHO o6Hapy*eHHoro rpaflneHTa 
flec£>eKTa HecnnoiuHocTH. 

06jiacTb 038 c MapKepHbiM qepHenneM (1, 
HaHeceHHbiM, HanpuMep, xpacKoPi) Ha 
AepxaTe/ie 1 .5 McnonbayeTca Ana BrauposaHua 
ABnx<yiMeroca aneiapona 1.5.1. 

O&iacTb 039 BM3npoBaHM5i, Hanpwuep, 
Ka6ena 1.4.1 BTopwMHoro KOHTypa oQecneMHBaeT 

KOHTpOXlb B03MOJKHOCTM o6pblBa XCI/W 3TOro 

Ka6ejw no npeAiuecTByioineMy neperpesy WA b 
cooTBeTCTByiomeM MecTe. Kpoiue Toro. 
BH3npoBaHne 039 onTMKo-aneKrpoHHbiM 
KaHanoM b neperpeToii "wcnpaaHoii" penepHofi 
Tomce o6ecnBHWT flono/iHUTenbHbiii KOHTponb 

BGJIMHMHbl TOKB BTOpWHHOrO KOHTypa. flOA06HblM 

o6pa30M MO«eT 6biTb npoflnamocTupoBaHa 
cucTeMa 1 .3 BOfljiHoro oxnaxcAeHMa STieKTpoAOB 

M HSCTHMHO CMCTeiUa 1 .2. OKaTMSl 3neKTpOAOB. 

no pe3yjibTaTaivi scpcfeKTMBHoii 
Tia6opaTopHOPi TexHO/ioruMecKoii noflroTOBKM, 

eCJlH B KOHKpeTHOM TeXHOHOTOM 

Mexflys/ierrpoAHbiH KOHTpoxib HeAOCTyneH, kbk 
npaBuno Bno/iHe AocTaTowHO ncnortbsoBaTb 
BusnpoBaHne TojibKo M3 o6/iacTH 035 win (i/i) 

036. XOTH 8 OTfleJlbHOM (X) TOMKe (X) 



OP KOHTponb Me*By3JieKTpoflHOH o6nacTM 037. 

C y48T0M BbinO/lHfl6MblX CpyHKlfMPi 

npeo6pa30BaHnfi BH3MpyeMbis 

CKaHHpy(OTC5) no TepMOMyBCTBHTenbHUM 

O sneiuieHraM i ww cyMMnpyrorcs no hum c 
v BnanpoaaH^eM; o6nacTM 035, 03 

npeACTaB/ieHHbix nnocKocTbio koopahhst x. 
06/iacTM 037 c nnocKocTbio x,z; o6nacTM 038 
nriocKOCTbio x, z nnn y, z; o6nacTM 03 
nnocKOCTeM pasHbtx coMeTaHMii KoopflUHaT x, ; 



A0CT3T0MHOH 4yBCTBWe/lbHOCTH H 

noMexcoaniMiMeHHOcTH (b nepByio oMepeAb ot 
neperpeBa, 6pbtsr pacn/iaBJieHHoro Meranna n 
Apyrux BpeflHbK Ann onTos/iexTpoHUKM 
x B03fle£SCTBMM) n. 



BpeineHHoro pejKMMa cBapxM. 

npn aBTOMaTuwecKoR pery/inpoBKe 
onTOKoa/ieKTpoHHbix KaHanoB yoTpoPtcTBa, 
MMeiomeii npeMMynecTBa npn noncKe AecfjeiaoB 
Hecnnoujocru Ha npoTi»KeHHbix ynaoTKax 
KOHTporw, ncnoribayioT cjjOKycMpyromee 
o6ocTpeHwe ot npeo6pa30BaHM$i (1) arm 
onpeAeneHMB cfjOKycHoro paccTOBHun a° 
o6-beKTa. B 3tom c/rynae i4e/ieooo6pa3Ha eme n 
aBTowaTHHecKan noMCKOBas onTwecKafl 
opMBHTai^MH Ha oBHapyjKBHHbift oB-beicT no era 
4 e H T P y. 

PaccMOTpeHHbie cornacHO Ta6/i. 1 w cpur. 2 
30HW o6nacTeSi n cnoco6bi BH3MpoBaHM5i 
cooTBercTByiOT b pasraiHHbix coMeraHMBX 
CpyHKtlMflM *1-<t>5 AnarHocTuposaHMfl B 
wwpoKOM cMbiane n <I>3 - b y3KOM no o6"beKTaM 
01-08. 

B COOT BeTCTBMM c opueHTupoBaHHofi Ha TCfl 
Knaccnct)MKauiiei4 AecpeKTOB (07) u 
KOHKpeTM3aueti Ta6n. 1 no OTAenbHbiM 
TexHOJiornnM Ann KOHTaxTHoCi ToneHHoCi cBapKK 
mo*ho flo6aBMTb cneAyiomee. 

(IpMHMHOH BHetUHKX M BHyTpeHHUX paKOBMH, 

nop, TpeiUHH HBnsieTCJi cHM)KeHne AaBneHun P, 
KosoMHoro AaanenMfl P K n BpeMeH 

COOTBeTCTBeHHO CBapKM T c M KOBKM T K . 



OTKJlOHeHMM pe)KHMa npOKOBKM B ajllOMMHUeBblX 

cnnaBax onpeAeiweT Hannnne Hapy>KHbK 

TpeOlMH. TopJlHMe TpelUHHbl BOSHMKalOT B 

cnnaBax c ninpoxwM AnanasoHOM TeMnepaTyp 
KpncTannn3aL4MM, BHyTpeHHue TpemnHbi b 
3aKannBaeMbix cjanxx onpeAennioTCH 6ucTpbiM 
oxnajKABHweM m yMeHbuuenneM AaBneHna, 
Tpeu^nHbi b yrnepoAHCTbix cTaxurx cBA3aHbi c 
BbinnecKaiuin. Xpynmie TpeinMHbi onpefle/iaioTcfl 
MaKcuManbHbiM oxJia>KfleHneM ot AnnTeribHoro 
npe6biBaHnn noA 3/ieiapoAOM nooAe 
OTKnrayeHus Toxa. KpoMe Toro? 
HHO>OpMaTHBHblMH npusHanaMM TpeiMHH 
«BjnsiioTcs nx cfiopMa (Hannnne ocTpbix KpaeB), 
pa3Mepbi, onacHafl opueHTauMfl, 
pasBeTBneHHocTb, paccToaHua Mexpy hhmm. 
Oco6o HHcpopMaTMBHbie npn3HaKM cKonneHnCi, 
nop, paKOBUH-flncnepcua, 



inoojaAb 



cpeAHHPi paAnyc coBOKynHocTM 



rinoiLiaAb BusnpyeMoii o6/iac™, paccToaHMe 
nee m yron BH3npoBaHHfl (c yneTOM saKOHa 
us ycnoBMiS 



npeACTaaneHHbifi Ha 0nr. 3 npniuiep 
6noK-cxeMbi TexHonoraHecKoro npoi4ecca KC 
BxnioMaeT ycTaHOBxy 3/ieKTpoAOB 14, KpenneHwe 
AeTanePi 15, qbopMMpoBaHMe npuXBaTOK 16 m 
CBapuBaeiuioro niBa 17 (onpeAenseMbie 
CHCTeiwoCi ynpasneHMH 1.1, CB«3aHHoii c 6jiokom 
11) Oh no3BonneT BbiAennTb coBoxynHocTb 
(pyHKUnoHanbHbix snewieHTOB M 6jiokob TCfl. 
HMM BB/iaiOTCa: KOHTpOJIb o>opMbi n 

napa/inenbHocTM ycTanoBKn .(oTcyTCTBne 
nepeKocoB) sneicrpoAOB 18; oneHKa reoiweTpnn 
(OTcyTCTBne nepexoca) AeTanb-sneiapoA 19; 

OUteHKM COCTO»HV!H nOBepXHOCTH, 3arpa3HeHna 

20; noflxoAa k npuxBaTKe, k Kpaio 21; 
A^amocTUKa n3Hoca sneiapoAOB 22; 
AnarHOGTHKa coctohhhs o6opyAOBaHna 23; 
onpeAeneHne cTpyicrypbi cBapHoro coeAHHenns) 
24; oueHKa nnocKocTHbix M3MeHeHnfi 
TepMOOTicnuKa 25; OL\SHKa TBepAoc™ 26; 
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pacno3H3BaHne aecpeicroB 27; 

fluarHocrnpoBaHne CBapHoro nwicna 28 

(COOTBeTCTByKJmMMM COCTORHMHMM flC1 - 

Bbinnecx, flC2 - neperpes, flC3 - HopMa. flC4 - 
HenpoBap, flC5 - TBepflajt cpasa); npomoa 

COCTOHHMpi 29; KOHTpOJlb COCTOflHMpi 30; 

KOHTpo^b ynpaBJieHun npoKOBKOfi 31; ou,eHKa 
ypoBHfl 32 CBapHoro coeflMHeHMB 1.11. ripn 
3T0M, 6/iokm 18-23, 26, 27, 29-32 KpoMe 
o6ecneHeHMfl ynpaBJieHUa flaKJT MHCpopMaMMio K 
o6pa6oTKe, onpeflenaioT cTaTMCTWHecKoe 
ynpaBneHne KanecTBOM TexHO/iornMecKoro 
npouecca. 

BbifleneHHwe cornacHO cpur. 3 
cf)yHKi4MOHa/ibHbte 6/iokh m flnarHOCTupyeMbie 
cooTosHun TexHonornMecKoro npoL|ecca 
no3BonjiK)T onpeflanHTb B3anMOCBnan aTanos 
TCfl (tpw. A). OnpeflenaromnMM TCfl 
pe3ynbTaraMM pa3pa6oTaHHoii TexHonorMM 
(6noK 33) hbtwiotch: 3HaHeHM« Tcwa cBapKM I c , 
a TaioKe TOKa noflorpeBa l n , flononHMTenbHoro 
onTMMii3upyK>mero TOKa kobkm l k , flaBJieHnii 

CBapKU P c M KOBKM P K , C COOTB©TCTByK)ll^MMM 

BpeMeHawiH T(l t ), J(Q, T(lk), 
(onpefle/inenjoro flnMTenbHocTflMM T(l c )). 
T(P «), CKopocTbio oxna>KfleHHj)), a TaioKe 
onTMMa/ibHan cpopiua aneirrpaflOB. 

no/iyMeHHbie pesynbraTbi noflBepraioTcsi b 

6nOKB 34 npOM3BOflCTBeHHblM M3MeHeHM51M 

ycnoBHO pa3fle/ifieMbiM no cKopocTM M3MeHeHnn. 

Han6o/iee owcTpbie naMeHeHna nuTaiomefi 
ceTn cornacHO 6noKa 35. npmo/xsrr k 
cneflyraimiM flwafHocTMpyen/ibiM coctoahmsim: 
npn npeflenbHOM yMSHbaieHUM TOKa. 
(CBasaHHoro, HanpuMep, c oflHOBpeMeHHbiM 
BioiioMeHHeM 6o/ibworo KonnnecTBa cBapoHHbix 
arperaTOB) - HenpoBap (flC4), npn npeflenbHbix 
yMeHbOieHUflX flaeneHMR P c - BbinnecK (flC1), 
npn npeflenbHOM yMeHbtueHMH flaaneHMH P K - 
flecpeKTbi 1.13, 1.14. npeflenbHoe yBennMeHMe 
flaaneHVte P c MoxeT npuBecru K HenpoBapy 
(RCA). 

Eonee Me/yieHHbie npOM3BOflCTBeHHbie 
M3MeHeHMSi onpeflenaioT npeflenbHbie 
naiweHeHHfl reoMeTpnn fleTa/lb-3JieKTpOfl (6/lOK 
19), M3WieHeHHS COCTOSHMS nosepxHocTM, 
3arp«3HeHna (6jiok 20), cTpyKtypHO 
reoMeTpuMecKne M3MeHeHMSi noflxofla k 
npwxBaTKe, k Kpaio (6noK 21), npeflenbHbie 
M3MeneHVW) TBepflOCTM (6noK 26), M 
o6«apy>KeHHfl flecpeicTOB (6noK 27). 

CymecTBeHHo Conee 



H3Hoca aneiapofloB (6/iok 22) M o6opyfloBaHMH 
(6noK 23). 

TepHoceHCopHbiM yneT npoMSBOflCTBeHHbix 
M3MeHeHnPi npn TSXHononmecKoPi noflTOTOBKe 
jinwb wacTMMHO MO>KeT o6ecneMMTb 
onTMMHsaqnio TexHO/iornn (oopaTHaa CBftab 
6dokob 33 m 34). Pa3pa6oTaHHas TexHonornfl 
cornacHO 6noicy 33 onpeflenaeT ynpasneHMe 
CBapoHHbiM npOL^eccoM nepea cudeMy 
ynpaaneHwa 1.1 flnarHocTnpoBaHne peanbHbix 
nponsBOflCTBeHHbK nsMeHeHnCi (b 6noKe 34), 

COBMeCTHO C TepMOCeHCOpHO 

AuamocTMpyeMbiMn coctoahhsimm CBapoHHoro 
t^HKna B 6/iOKe 28 oSecneMMT KoppeKTupoBKy 
ynpaBneKMii b cucieMe 1.1, hto nosaonuT b 
urore cyii4eoTBeHHO ynyMLUHTb Ka^ecTBO 
CBapHoro coeflHHeHM« 1 11, paqnoHanbHo 
yBenn^MB TBepAyio cpa3y 1.12 vim nmoe mpo 
1.15, yMeHbiuMB BHeiiiHwe 1.13 n BHyTpeHHwe 
1.14 flecpeKTbi. 

PeariM3aL(H3 pacx;MOTpeHHbix 0yHK^^1Ci TCfl 



HHC|)opMaLinoHHoei OTpyicrype (cpMr. 5) 

COCTOMT B CfieflyidflBM. 

Ha Bxofle TepMoceHcopHoro ycTpoficTBa 3 
noflneacaT BusnpoBaHM© o6nacTM 035-039 
oBopyfloBaHUB 1.1-1.4, 3neiapofl0B 1.5.1.1.6, 
fleianeti 1.7 co6paHHofi KOHOTpyKi^MM 1.8 n 
cBapuBaeiwoii KOHCTpyKu.nw 1.9 (cpwr. 2). 

B pe3ynbTaTe TepMoceHcsopHoro 

flMarHDCTHpOBaHMfl flOJDKHbl CpOpMMpOBaTbCS 
MHCpOpMaTMBHbie flaHHbie O n/IOCKOCTHblX 

coctobhmsx (6noK 38): fleTanefi 1 .7 (oooToaHne 
noaepxHocTM 20, npeflenbHbie oTKnoHeHMji 
TBepflocTn 26, HanMMne flecpeicroB 27); 
reoMeTpnn, ycTaHOBKM n cpopMbi anem-poflOB 
(6/iOK 18); M3Hooe sneiapoflOB (6noK 22), 
cSoponHoH KOHCTpyiqun 1.8 (reoMeTpua 
fleranb-aneiapofl 19, noflxofl k npuxBaTKe, k 
Kpaio 21); oBopyflOBaHna 23 (1.2-1.4). A TaioKe 

O BpeMeHHblX COCTOflHHHX (6noK 39): 
KOppennUMOHHOil OLieHKM TBepflOCTM 26 no 

oxJiaxcfleHMKj; CBapHoro coeflMHeHwa 1.11 
(xapaKTepMCTMKM 1.12-1.15) w Bceii 

KOHCTpyKllMM 1.9; M3HOCa 
R (1.2-1.4) H sneicrpoflOB 1.5.1, 
L^MK/iaM paooTbi nepcoHana, 



flaHHbie 

cocToaHMflX Ha aTane pa3pa6oTKM Texnonornn 
(6noK 33) onpefleraioT o6pa6oTKy: 
CTaTMCTHMecjcyic (6noK 40); onepaTHBHyio 
(aflanTMBHyio pnst aBTOMaTM3wpoaaHHbix 
npoqeccoB ynpaB/ieHna b cucTeMe 1.1); caMO 

npOH3B0flCTBO 41 CBapHOH KOHCTpyKl^MM 1.9. 

nony^enne MHCpopMamin o nnocKocTHbix m 
BpeMeHHblX cocTOflHMHX onpeflenaeTcn 
B3anMocB«3bio onepat<MOHHbix npeo6pa30BaHnPt 
TCfl, noicasaHHbK Ha cpMr. 6. 

BcnoMoraTenbHbiEt 6noK 42 

cneKTpanbHo-aMnn«TyflHbix npeo6pa30BaHM& 
xapaiaepusyeT nocpeflcTBOM cneiapanbHoro 
onepaTopa X i(Q rpaflweHTHoro curHana U|(0: 
cocTOfiHue, 3arpj)3HeHwe noBepxHocTeCt 
fleTane«, onpeflenniomne M3jiyMaiomyio 
cnoco6HOCTb m npMHMHbi flecpeiaoB a™ 
B03MO)KHoro mx ycTpaHeHMfl (02-08, <M, <t>5, 
Ta6n. 1). YpoBeHb M3nysaioti;ePi 
cnoco6HOCTM e yTOMHaeT aMnnMTyflHyio m 
aMnnMTyflHO-BpeMeHHyio MHcpopMauMic 6noKos 
43,44. 

ctyHioiMJiMM BasoBoro 6noKa 43 HBnsioTcfl 
aivirinMTyflHbie TepMooneHKM: o6opyfloBaHMa 
(cocTOBHMe MeflneHHoro M3Hoca oobpyflOBaHMJi 
nocpeflcTBOM peanM3aunM no (1) M3 E(x, y) 
oqeHKM npupameHMfi onepaTopoB BbifleneHMji 
rpaflMeHTa r mom (m) nnomaflM S BMSMpyeiwoii 
o6nac™ 039), peKMMOB (cyiflecTBeHHO 

OmMMaiOIHMecfl OT "M3HOIlieHHblX" M3MeHeHMS r, 

S M3 penepHbix TOMeK "HeMSHOiueHHbix", T.e. 
HopwanbHo 4>yHKi4MOHMpyiomMX, 30H 039); 
nonefi flecfceiCTOB BM3MpyeMbix soh 31, 33, 34, 
o6nacTeK 035-037 ana MSMeHeHMM 
npoHBJWioiuMXCH b TBMne nposefleHMfl npoi4ecca 
CBapKU KOHCTpyiqiM (BHeuiHMe flecpeKTbi 
noHBneHMR nojicKa BOKpyr s/ieiapofla n era 
octpom KpoMKM, xapaicrepMsyeMOM 

yMeHbUjeHMein Ha nefi peanMsyeMoro no (1) M3 
E(x,y) onepaTopa BbifleneHMfl rpaflMeHTa 
TepMooi^eHKM M3 soh 1, 3, 4. 035,036). 
npMMeM, aMnnMTyflHo-rpaflMeHTHbie 
fly6nMpyennbie oi^eHKofi nnoiflaflM no (1) m (2) 

TepMOOUeHKM BHeUJHMX M BHyTpeHHMX fle4)eKTOB 
5JBT1BIOTCH 6a30BblMM flTIH nOCTleflyiOlUMX 
npeo6paaoBaHMM b 6noKe 45. 

AMnnMTyflHo-BpeMeHHbie TepMooqeHKM b 
6noKe 44 mop/t pa3flenflTbca oTflenbHO no 



=5 

a: 



TepMoouewcH B nponecce HarpeBa: 6bicrpbie 
n3MeHeHM» pejKMMa npn Ko/ie6aHnax sHeprnw 
nvrraHMfl no F"(t) m S(l). "ncnpaBHbix" Toneic 
3oh 039 HopMaiibHO pa6oTaK3mero 
o6opyAOBaHMH; MOMeHT aHOManbHoro 
ujyHTupoBaHMSi (npn nonycTMMbix M3MeHeHHHX 
HanpaKeHiw cein) no -l~(t) co cny^aiwbiM 
KacaHMew TOKOBeflymux MacTeii o6opyAOBaHnn, 
BHeceHneiui 3HaHMTe/ibHbix MammHbix Mace m 
T.fl.; cocTosiHMSi flC1-flC5 oBapoMHoro uyitma no 
*K+[~(t), *2(+r(t). +S(t)), BuswpyeMbie H3 30H 
31 o6jiaoTe« 035-037. CocTOflHue H3Hoca 
aneKtpofla no +r(t) U3 soh BM3npoBaHHfl 31 
035, 036. npMMeM, ecnvi Kone6aHna 
HanpflweHMji nmaioiAeM ce™ npocTO MSMepMTb 
aneKrpuMecKM, to Kone6aHM« b cucTSMax 1 .2 w 
1 .3 onpeAenaioTCfl nocpeflcTBOM 
nnpo3jieicrpn4ecKVix npeo6pa30BaHHM. 

TepMooueHKM b npoqecce oxnawaeHMH: 

COCTOJ1HHS flC3-flC5, COOTBBTCTBeHHO <P3 no 

MHTerpa/ibHDM ou,eme rpaflnema V 
oxnawnawmeficfl TepM09Heprwn CBapHoro 
coeflUHeHnsi, BM3npyeMOM us sohw 1 , o6nacTei* 
035-037; KOHTponH ynpaBJieHna nponoBKoK no 
onpeAeneHHbiM M3 yc/ioBWM MaKcuManbHoii 
uyimmeoxow npo^HOCTn HopmtaTMBHo Ann 
cooTBeTCTByioiUMX MaTepwa/ioB win 
3KCnepUMeHTa/lbH0 ypoBHWM BKnKXeHMfl - T1 (t) 
H BbllOllOMeHMa - T2(t) npOKOBKM, BM3HpOBaHMeM 

H3 30Hbi 1 035-037; KoppenanMOHHoro 
onpeAe/ieHna rsepAocTn no MaKonManbHoiwy 
coBnaAeHHK) KpuBbix oxna>KAeHHfl 
KOHTponnpyeMoft l~(t) m sTanoHHoS r„(t) 
TBepAOCTeH, BHswpyeMbtx W3 penepHbix TOMex 

HJ1M CBOAHIUMXCH K HUM UHTerpa/lbHblX OL(eHOK 
30H 31-34 o6nacTePi 035-037. 

Bnox 45 npeo6pa3yeT 
aMnnnTyAHNe 
ypoBMio E(x,y), AocTaraMHoro Ana nocjieflyiommx 
npeo6pa30BaHM« Ha 6ase (1), (2), 4(1,0), 
U|(0,1). KOTopbie npocTpaHCTBeHHo 
ncnonbayiOTCii b GnoKax 46-50. 

Bhok 46 npeACTas/ifieT co6oii no M3MeHeHWO 
cMMMSTpni/i repMOorxnuKa Ha jxexaivA Boicpyr 
aneKrpoAa (onepaTop cbh3Hoctm C) nnn 
noporoBOMy oTKflOHeHMW +T.+S us 30H 31 035, 
036 reoMeTpuMecKne OL|eHKM: cpopMbi 3JieKjpoAa 
(HaManbHoCi n B npouecce H3HOca); nepeKOca 
ycTaHOBKM aneicrpoAOB; nepexoca 

AeTanb-sneKTpoA. KpoMe Toro, B 6riOKe 46 
onpeA&nnioTCj) noAXOAU k npuxsaTxe, k xpaio. 
McnonbsyiOTCfl onepaTopw P, S, C, K, M, Y, H. 
npn 3TOM onepaTop L| nocpeACTBOM 6noxa 47 
onpeAenaeT HopMwpoBaHne An" 
npeo6pa30BaHH« B 6noxax 46, 48-50 kcxoahhx 
o&beKTOB no nnomaAn. 

Bnox 48 Ha ocHOBe HopwupoBaHMfl ot 
6jiokob 45 M 47 aMruiMTyAbi u nrionaAH (b psfle 
cnynaeB HopMwpoBaHue no nnomaAM 
Heo6H3ajenbHo) npeACTaanaeT oL(eHKM: 
onpeAenaeMbie onepaTopoM paccrojiHua P 

M6)KAy TpaeKTOpMSIMM i\ TpeiAMH, CXe/ieTOB, 

CKon/ieHMii Ae*eicroB win Mexay TOMeMHbiMM 
peannsaL^MflMH cnynafiHoro nponecca. 
pacno3HaBaeMbiMM Ha npuHaflne^HOCTb k 
onpeAeneHHOMy Knaccy cocTosHHii flC1-flC5; 
onpeAenneMbie oneparopoM 0 oqeHKU noAXOAa 
k Kpaio, pacnosHaeaHMH onacHoro HanpaBneHns 
Tpaeicropnii TpetuwH, CKonneHMa Aec})eKroB. 

BnoK 49 Ha ocHose HopMnpoBaHMfl ot 
6noKOB 45 m 47 aMnnnTyAbi n nnomaAM (b paAe 
cnynaeB HopMnpoBaHne no nnomaAn 



., H: cxraTue aneicrpoAOB 

onpeAenneMoe no penepHofi TOHKe M3 0" 

OU,eHm COCT03HHH CMCTeMb) 1 " 

craAnS cBapKM; OL(eHKM my6Mnu. af ^. B ,.,.^.„..„ 
3/ieicrpoAa b AeTanb, pea/iM3aunn cnyMaPiHoro 
npoi^ecca pps\ pacnosHasaHnq cocTOflHMPt 
flC1-flC5. 

BnoK 50 Ha oonoBe HopMnpoBaHiw ot 
6/iokob 45 m 47 aMnnMTyAbi, nnoinaAH 
npeAOTaa/weT b BMfle onepaTopoB M, 
fl, s BeposTHOCTHbie OL^eHKM; CKon/ieHMfi, nop, 
paKOBMH; peann3aL(nEi cnyMaPiHoro npouecca 
o>opMMpoBaHiifi npenMyu^ecTBeHHo 
pacno3HaBaeMbix coCTOBHiiii flC1-flC5. 

npeACTaBJieHHbiR cpur. 7 anropMTM A1 
TepMOCeHOOpHblX AHarHOOTMMeOKMX oueHOK 
aMnnnTyAHbK nsMeHeHnii coAepxnT 
aMnnMTyflHO-npocTpaHCTBeHHbie 
rpaAneHTH0-3KCTpeMa^bHbie ou,eHM 45-50 
paccMDTpeHHbix Ha tpm. 



CyiMHOOTb noxasaHHbix b 6/ioKax 46-50 Ha 
cj>nr. 6,7 onepaTopoB, peannsyioinnx 
npeo6pa30BaHHft (1), (2) M3 HopMnpoBaHHoro 
E(x,y) nonyneHHoro ot ncxoAHbix onepaTopoB r 
coctomt b cneAyioiAeM. 

CornacHO 6noKy 52 onepaTop ruiomaAM S, 
MacTMHHO Ay6nHpyiomviCi Ha 
aMnnnTyAHbie cumanbi r, 
KOHTpacTa Ui(1,0), cpiwcupyeT 
MOMeHT BpeMenn aMn/WTyAy L(eHTpanbHoCi 
o6jiacrn 06-beiaa, npo^op^MoHanbHylo nnonaflw 
pacTeKaHun BxoflHoro E(x,y). 

OnepaTop cbjishoctm C (6/iok 53) 
xapaKTepn3yeTcn noporoBbiM nponycKaHneM ot 
3aMKHyToro BHyTpeHHero Bbipesa curHanoB 
MeHbiunx cf)OHa nocne npeo6pa30BaHiw (1) 
wcxoAHoro HeraTHBHoro KOHTpacTa U-,(0,1) ot 
oB-beicra E(x,y), rAe o>oh npeACTaBnneTOH 
BblCOKMM ypoBHeM 1, a oSiseKT - HyneBbiM 0. 
Harnmne Taxoro cwrnajia onpeAenneT 
aaMKHyTOOTb, KonnnecTBo Taxnx cumajioB flns 
o6"beiaa onpeflenseT cBHSHocTb, a aMnnwTyAa 
BHyTpn ero Bbipesa - nnomaflb. 

npM n03MTMBHOM KOHTpaCTe Uj(1 ,0) 

npeAsapnTenbHO HopMnpoBaHHbiCi no 
aMn/iMTyAe onepaTop xoH^>nrypauMM K (6/iok 54) 
peannsyeTca conocTaBneHneM, 
npeACTaaneHHofi E(x, y), KOHTponwpyeMofi, n 
HawiaflbiBaeMoPi Ha Hee coocho BpaiueHneM 
oTHOCMTenbHO ee i^empa, STanoHHoCi 
KOHcf)MrypamiM IC, c Q>MKcnpoBaHneM wx 
coBnaAeHiw npn HanMeHbiueM 
paccornacoBaHUM. 

OnepaTop npeflBapwrenbHO HopMHpoBaHHOti 
no aMnnnTyAe neHTpanbHoPi o6jiaoTM q (6tiok 
55) nosMTHBHoro KOHTpacTa Ui(1,0) 
peann3yeTcn noporoBOw ceneKUnefi BepiunHbi 
penbecpa pacTSKaHUH no npeoSpasoBaHwio (1). 
B cnnoiiJHbix o&beicrax oh b MTore 
npeAOTaBnseT KOMnaicrHyio LieHTpanbHyto 
o6nacTb, a ppn npoTscxeHHbix ynacTKOB 
(TpenMH, paKOBHH, CKonneHMfi nop m t.a.) - 



OnepaTop y3/ioB (pa3BeTB/ieHnii) y (6/iok 56) 
nepeA npeo6pa3DBaHn'eM (1) HopMnpyeMoro no 
aMru-MTyAe n nnoiAaflu n3o6pa;KeHiw E(x,y) 
McxoAHoB Tpaeicropnn noswTMBHoro 
KOHTpacTa U|(1,0) onpeAenseTcn noporoBoii 
tpmcauyieu ysennHeHun aMnnMTyA b MecTe 
aHepreTimecKoro cKonneHHJi b y3nax. 

flnn onpefleneHMfl oneparopa M3MeHeHMfl 
HanpasneHHH TpaeKTopwn H (6noK 57) 
HopMMpoBBHoro nepeA npeo6pa30BaHneM (1) no 



=) 

a: 



7} 



aMnnnTyae m nnootaan M3o6pa>KenMH E(x, y), 
ncxoflHyio Tpaeiaopvtio no3MTMBHoro KOHTpacTa 
Uj(1,0), paccMaTpMBafoT Ha yMacrxe 
cpwKcupoBaHHOM o6nac™ c Hawoonbtiiew 
cTopoHoii, nepneHAMKyrapHoii HanpaBneHwio 
TpaeKTopnn. npw oTicnoHeHMM Ha stom ynaoTxe 
TpasioropMM cpMKCHpye-rcfl yBenimeHwe ee 
nnowpm nponopijwoHanbHoe oonbwewy 

HSMeHeHMlO TpaeKTopnn. 

OnepaTop opweHTai^MM O (6jiok 58) 
nosMTMBHoro KOHTpacTa Ui(1,0) onpeAenaeTca 
HanroxeHMeM Ha wcxoAHoe flnsa npeo6pa30BaHwa 
(1) M3o6paxeHne E(x,y) nonocoaoro cpoHa, 
BpainaeMoro Ha 3aflaHHHfl yron opueHTanuui. 
Bmscto Bpamewifi cpoHa mo)kst 6biTb 
ncnojib30BaHa m BpamaeMaa Ha yron 
opueHTai^nn aHMSOTponnaa cpMnbTpanMa E(x,y). 
npoMOflynnpoaaHHue TaKWM o6pasoM ooieKTbi, 
coBnaflaiomMe c nHcpopMaTMBHoiS opueHTamieCi, 
aaayr cuma/ibi AOCTaTOMHOfi aMn/iMTynbi, 
npoxoAamue noporoBoe npeo6pa30BaHne. 

OnepaTop paccTonHMa P (djiok 59) 
onpeflermeTCfl HanoweHHeM Ha ncxoflHoe Ana 
npeo6pa30BaHnn (1) M3o6pa)KeHMe E{x,y) 
epamaeMoro nonocoBoro cpoHa. B 
npoMOfly/inpoBaHHOM t3khm o6pa30M cumane 
HcxoflHoro E(x,y) HeraTMBHoro KOHTpacTa 

H i(0,1), C BblCOKMM ypoBH6M CpOHa, HH3KHM - 

o©beKTa, b onpeaeneHHbiii momcht 
npocTpaHCTBeHHOH MOfly/ifmnn b nonocy 
nponycxaHna nonaAaioT ManopaaMepHbie 
o6beKru ot KownaKTHbix o6nacTeu M oTpe3KU 
TpaeKTopuCt paccTonHnii wiewy humm. Ohm b 
oTriHMHe ot yMaoTKa paccToaHua oe-beiaa ao 
rpaHMUbi MSoSpaxeHHfl MMeioT paaMWTbie 
cppoHTbi Hanana u OKOHHaHHa. no aMnnwTyAaM 
qeHTpanbHoii nacTM stwx orpeaKOB oueHMBaioT 
paccroaHMe. TaxuM o6pa30M, HanpwMep, He 
3Haa FipocTpaHCTBeHHoro nono)KeHHfl TpeujMH b 
TeseHne moxna Moflynaijmi mo>kho onpeAenwTb 
HaHMeHbiuee paccroaHMe M&wy hhmk. 

npH nOSMTMBHOM KOHTpacTe Uj(1 ,0) 

onepaTopu ckodocth V m ee M3MeHeHua (6/iok 

60) BbiAenaiOTca npw npeo6pa30BaHMH (2) 
nponopunoHanbHO V: no MCKa>KeHWo nepeflHero 
M aaflHero cppoHTa b HanpaeneHMH fli 
pacTHniBaHMio nnomaflu cnefla; no 
aMnnmyAbi. 

OnepaTop HanpaBneHum ABuweHua H (6noK 

61) onpeAenaeTca HanojKeHneM Ha no3MTWBHoro 
KOHTpacTa U|(1,0) ncxoflHbte Ana 
npeoSpasoBaHMsi (2) uso6pa>KeHwa E(x, y) 
nojiocoBoro <poHa, BpamaeMoro Ha 
MH(popMaTHBHbiM yron HanpaBneHna. 3Aecb 
Taioxe KaK n Ana oneparopa O MoxceT 6brrb 
ncnonb30BaHO aHwsoTponHoe npeo6pasoBaHne 
E(x, y). npoMOAynnpoBaHHbie TaKMM oopasoM 
o6-beKTbi, coBnaAaiomne c uncpopMaTuiBHbiM 
HanpaBneHvteM, AaflyT cwmanbi AocTaTOHHoi* 
aMnnHTyabi, npoxoAamue noporoBoe 
npeo6pa30BaHne. CeneKuwa npn6/in>KeHMa nnn 
yAanenwa npoasBOAMTca no xpyTMSHe cppoHTa b 
HanpaBjieHMM ABuweHMB. 

npH n03HTHBHOM KOHTpaCTe Uj(1 ,0) 

BepoaTHOCTHbie onepaTopu MaTeMaTunecKoro 
oxnAaHMfl M, flHcnepcun fl. 
cpeflHeKBaapaTHMecKoro OTKnoneHHa 8 (6noK 

62) xapaKTepusyioToa noporoBoPi ceneKLiweii 
BepuJMH o6o6meHHoro penbecpa pacTeKaHun 
npeo6pa30BaHHOft no (1) coBOKynHocrrn. HpuHeM 
noporoBbie npeo6pa30saHna BepmnHbi 
onpeAenaioT: LieHTpanbHoe nonojKeHne o6nacTH 
- M. ee aMnmiTyay - fl. a KBaApaTHMHo 
npeo6pa3osaHHoe 3HaneHne aMnnnTyAw - S. 



Oneum M, fl, 5 MoryT 6biTb aKBMBaneHTHbi 
pacnpeAenenwo TepMOOTKnwxa ot AecpeicroB 
cKonneHMa nop, paKOBMH. ripn stom: M - 
cooTBeTCTByeT ^eHTpy CKonneHMa, fl - rmomaAM, 
6 - cpeAHeMy paAHyoy. 
Pa6oTa ycTpoHOTBa oornacHO cpur. 6, 7 
iRfrrRn aaTca cnenv ""|"M nfipganM — 



Tlocne'i 



ycTpoPicrBa (6noK 63) no 
anropnTMy A2 (cpur. 8) npoM3BOAMTca bboa 

(6nOK 67) MCXOflHOii MHCpOpMaUHH b 6noK 11. 

Mepes sHaneHna 3neKTpnHecKnx noTeHuwanoB 
H. H B 3aAaioT 3HaMeHna noTOKOB hcxoahux * h 
BcnoMoraTenbHbix * B noTOKOB wanyneHKM w 

3TanOHHbie A"f KOHKpSTHOro BUIAa CBapKM 

(nonyneHHbie paHee 3KcnepnMeHTanbHo) 
xapaKTepucTHKM. B naMSTb 6noxa 11 BBoflaT 
sxoAHbie w sTanoHHbie KaApw M3o6paxeHnR 
aneiapvmeoKMX noTenmianoB TecTupoBanna 
H 3 . (topiunpyioT cornacHO paccMOTpeHHOMy 
dpw. 2-5 cooTBeTCTByiomne KOHKpeTHOMy 
TexHonoranecKOMy npoqeccy napaMeTpbi, 
xapaicrepMCTUKM, 



npeo6paaoBaHna pasnn^Hbix soh m oonacTefi 
BMSnpoBaHMH. Hx apryMeHTaMM asnaioTcn 
KoopAHHaTbi x, y. AnHHa BO/iHbi m BpeMa t. 
25 I BBeAeHHbie ncxoAHwe AaHHbie ncnonbsyioT Ha 
I HananbHOM 3Tane B HacTpo^xe, o6yseHHH m 
1 aanee a nepuoAHMecKoft nporpaMMHoPi 

'■^caMOAnarHQCTUKe h caiuioH gCTEOiSKa • 

HacTpoMKa ycTpoMCTBa 3 (6noK 65) no 
nporpaMMe 6noKa 11 coctout hs cneflyiomux 
30 onepaunR. 

YnpaBraeMbifi 6/iokom 11 M3ny4aTenb 5 
cJxjpMHpyeT TennoBoii no 
KOToporo onpeAenaeTca pasHocTbio 
noTeHLtnanoB 3/ieKTpnHecKnx 
^ TeMnepaTypu opeAbi M c (cpopMnpyeToa b onoKe 
11 ot TepMOAaTHMKa 10) K TeMnepaTypu H 
ncxoAHoro VM (cfcHKCMpyeTcn 6jiokom 11 ot 
TepMOAaTMHKa 8). kterneHaiomaaca TeMneparypa 
cpeAbi nocpeACTBOM cBasePi AaiNHKa 1 0 n 6/ioKa 

1 1 . H3MeHeHMM B OCHOBHOM CpyHKUMOHUpOBaHMH 

40 nocpeACTBOM 0Ba3e£i 6noK 11 - «3ny4aTenb 5 - 
TepMOAaTMMK 8 - 6noK 11, OTCneKHBaeTca 

P33HOCTH blM CUTHBHOM, KOppeKTMpyiOlAUM 

nepBMHHoe SHa^eHne H. TaKUM oSpaaoM 
CTa6nnn3MpyeTca pa3H0CTHbifi noTOK TeanoBoro 
M3nyHeHna c n3nynaTena 5 Ana HacTpoviKH, v\ 

4S nocneAyioiUMX caMOAMarHocTMKM n 

npeoSpasoBaHMii. noAoBHo paccMOTpeHHOMy 
oSecneHMBaeTca cTa6nnn3auna pasHOCTHoro. 
ypoBHa BHeujHero TennoBoro noToxa c 
nanynaTena 9 nocpeACTBOM cBa3eii AaTMMK 10 - 
6noK 11 n 6nox 11 - M3nyMaTenb 9 - astmmk 8 
- 6noK 11. B o6onx cnynaax npn CTa6nnbHOM 
4>opMnpoBaHMH H3nyHeHVia cpopiuinpoBaTeneti 5 
unw 9 Aa*:e npw Heoonbiunx 3Ha4ennax 
TennoBbix paaHOCTHbix curvianoB, ho npn ManoM 
BpeMeHM t nerxo nonyHMTb snaHMTenbHbie 

5J nsMeHeHHR O(U) bo BpeMeHM t. HanpMMep, He 

CJIOJKHO BCCnpOH3BOAMMblM HSMeHeHHaM B 

Tbicanu rpaAycoB b ceicyHAy cooTseTCTByeT 
HMHTaMna BbicoKOTeMnepaTypHbK TennoBbix 
npoueccoB b HopManbHbix n SKCTpeManbHbix 
ycnoBMax cpopMooBpasoBaHna 
60 (TexHonorMMecKoro n 3apo»AeHMii Ae<t>eKTOB B 
soHax cBapHoro coeAHHeHMa, TepMkwecKoro 
annnHna, a Taioxe b pasnnMHbrx 
MeTannyprnHecxnx npoueccax, b LunM(poBKe n 

T.A.)- flOCTMralOTCa BblCOKHe TOMHOCTb, 
CTa6nnbHOCTb M 6onbLUMe Anana30Hbi HMMTauMH 
uiMpoKoro xpyra TeXHonornMecxnx m 



ZD 



T6XHWH6CKMX 0&beKTOB 671U3K0 K AMHaMHKe 
pea/ibHoro <pyHKL|woHnpoBaHmi. 
flocpeACTBOM aneKTpoHHoro 



o6ecne4MTb Bbicoxyio TOMHOcrb hsctpomkm m 
caMOflnarHOOTMKH. ho flaxce oamh 
onTMKO-3JieiapoHHbiM KaHan MHoronaHanbHoro 
ycTpoPioTBa 3 no3BojweT TapupoBaTb 
ocTanbHbie KaHanu. ripn stom pery/iMpyioT 
ycwiieHne m Bbi6npaioT nono>KeHMe paobMefi 

T04KM B OTBST Ha MMl/tTaL(WO CTaHflapTHblX 



CornacHO pacCMOTpeHHOMy b pexMMe 
TecTupoaaHUSi Ha Ma/iynaTe/in 5 n 9 noAaioTCfl 
cooTBeTcrayioaiMe cuma/ibi M 3 , H, ynpaaneHwa 
c 6/ioica 11. TaKMM o6pa30M 4>M3t<mecKM 
MOAenMpywTCji B03M0*<Hbie peanbHbie cKTyamw 
B HOpMa/lbHbDC M SKCTDeManbHblX ycnoBMnx M 

npoBepneTCH paoora Bcex onTMK0-3JiexrpoHHbix 
6/iokob w 3/ieMeHTOB ycrpoficTBa. 

B pe3ynbTaTe Hyjib-KOMneHcaL(HM n 
curHanu M3/)yMaTene{i 5 um> 

6/10KOM 11, MCXOflHbie cams 
c/iefloB 2 pa3HbiMM nyTSMM npoxoAflT 6jiok 4, 
CpMJlbTpbl 6, 7, TepMOflaT4HK 8 n cpopMnpyioTCfi 
6/iokom 11. 3aflasaeMbiii c 6/iOKa 11 Ha 
M3JiyHaTe/ib 5 mvi 9 Kann6poBOHHbiii noTOK 0ok 
npaKTM^ecKH oAHOBpeMeHHO c ochobhum 
noroKOM <J> npeo6pa3yeTC5i flaTMMKOM 8 n, 
cootbgtctbbhho, onpeAerweT 
Hy/ib-KOMneHcai^MOHHbiii CMma/i (H^ (<t>-<t> 0K ), 
xapaiaepMayiomufi yToweHHbJM KOHTponb * o 
yneTOM aneKTpn^ecKMX m onTM^ecxnx noruiex w 
norpewHOCTefi. Hcno/ibsy* anpMopnyio 

MHCpOpMaUMK) flTlH KOHKpeTHOM" TeXHOJlOTOH 

csapxn nocpeflcTBOM 

npocrpaHCTBeHHO-ynpaBnaeMoCt 6noKOM 1 1 
MacTOTbi o6riopatinM b cpmibTpe 6 McxnioMaioT 
McxaxeHMH bxoahux curHanoB. 

Pe3ynbTaTbi npoBOflMMbix oflHOBpeMeHHo 
onTMKO-3/ieKTpoHHbix npeoopasoBaHMM b 
npocTpaHCTBeHHo-ynpaBJineMbix ot 6noica 11, 
6/ioKe 4, nsnysaTemx 5,9, cpunbTpax 6 w 7, B 
TepMOflarHMKe 8 cpHKCupyioTca m cpaBHMsaiOTCfl 
C H3BeCTHblMM 3Ta/10HHblMM pesynbTaTawM 
TecTMpoBaHMfl, sanncaHHUMM b 6/iOKe 11. 
OneHMBaioTcfl norpeujHOCTH i stmx 
npeo6pa30BaHMfi, KOTopue coothocat c 



ycTpoifcTBa. nocpeflcTBOM 6noKa 11 u 
pernoTpaTopa 12 yMeHbtueHne norpeoiHOOTeCi 
ocymecTBnnioT nyreiui pery/inposoK onTMHecKoro 
n s/ieicrpoHHoro KananoB, MaciuTa6npoBaHMH b 
6noKax m aneiueHTax ycTpoCicTBa, n Tao/iMHHbix 

KOppeKTVtpOBOK B 6noKe 11. ripM Heo6XOflMMOCTM 

ys/ibi c Hepery/iwpyeMbiMM i 

peMOHTMpyiOT HTM SaMeHHKJT 

3KctwyaTai4iw ycTpoticTBa. 

TaKMM 06pa30M, B cootbstctbhh c 

SaAaHHbIMM 8 6/lOKe 1 1 3HaMeHMflMM 14, 

H(H J, H 3 MCXOAHoe <t>(H) n BcnoMoraTenbHoe 

t>(H B ) M3/iyHeHHH OnTMMeCKM OAHOBpeMeHHO 

cpopMnpyioT b 6noKe 4, H3^yqaTensx 5 9, 
ynpasxiflioT nponycKaHMeM cpunbTpa 6, 
cneKrpanbHO npeo6pasyiOT cpwibTpOM 7 b 
3jieKTpiwecKwe cumanbi TepwioaaTMUKOM 8. 
noc/ie Hero b 6noxe 1 1 nponsBOWT cpaBHeHne 
npeo6pa3yeMbix cvirHanoB c yseTOM saflaHHux, 
b tom Hucne noporoBbix m 3TanoHHbix 
xapaKTepuicTMK I4 3 . TeM caMbiM ocymecTBnmoT 
HacTpoCiKy n o6yneHne, Koropbie no«roTOBsiT 
ycTpoflcTBO k HanewHoB pa6oTe. noflo6Ho 
paccauioTpeHHOMy npoBOflflT caMOflnarHOCTHKy h 
o6pa6oTKy curHa/ios b npoijecce 

CjDyHKUHOHMpOBaHllfl VCTpOMCTBa. 



HaoTpoeHHoe MoaennpoBaHMeM 

(pOpMUpOBaHWeM TepMOB03fleiiCTBMii 

ycTpofioTBO totobo k peann3ai4«n 
cnoco6a npn orpaSoTKe 

3H 1-4 035, 036 n 
1-3 037 (o6ecneMMBaK3iHMM 
onTMMM3ai4Mio TexHonornn BnnoTb flo 
BcecTopoHHero ooMOTpa oBapHoro coeflMHeHMJi 
1.11), a TaiOKe BiianpoBaHneM 038, 039. 

PaccMOTpuM pea/ikBaLiMio ycTpoiioTBOM 3 
, npoMn/ilocTpMpoBaHHOro cpwr. 3-6 Ha 
cneflyiomeM npMMepe. CornacHO 

sonoMoraTe/ibHoro 6rioKa cneicrpanbHbix 0146HOK 
6noKa 66 (20,42) no HarperbiM ot ManywaTana 9 

30HaM 32 M/1M naCCMBHOMy TepMOOTK/lMKy OT 

cBapoHHoro npoL|ecca oi^eHMBaeTOfl 
onepaTopoM cneKTpanbHbiR cocTaB 

n3^yHeHHfl noBepxHOCTeR fleTaneCi 17 c 

B03MO)KHblMH Ha HHX 3arpH3HeHHflMM. 

06Hapy>KeHMe 3arpn3HeHM« fleTanw noMoraeT 
ycTpaHMTb; neperpeB n 
sneKTpoAOB; 

HenpoBap y HM3KOTepMO3/ieKrponp0BoflHbix 
MaTepnanoB: HapyiueHne repMeTMHHOCTM; 
TpemnHbi, paKOBMHbi ymepoflncTbDt cTaneti m 
apyrwx MaTepnanoB. 3arpa3HeHMe aneKTpofla 
BefleT k neperpeBy, TpeiyHHaM, paKOBMHaM. 

HH ot KOHTponnpyeMoro o6-beicra, npoxoAJt 
6noK 4 u cpunbTp 6. B cnexrpanbHOM cpunbTpe 7 
npeoCpasyeTcs no-pa3HOMy b 3 
cneKTpanbHoro opcTaBa. flrm 1 
TioxHoro cpa6aTbiBaHHH ot o6ti4ero nepeKpbiTiw 
paanviHHbix cneiapanbHbix 3/ismghtob 
ucnojibsyioT b cocTaBS 4>nrbTpa 7 
BcnoMoraTenbHbifi onopHbiPi cpunbTp An" 
nocneayioinero pa3H00THoro cyviMMpoBaHMfl b 
enoxe 11 Bcex, b tom HMcne n onopHoro, 
sneicrpuHeoKHX cumanoB flaTMMKa 8 ot 30H 
paannHHofi cpunbTpauMH. flpn npoxo«AeHHU B 
KOHTponnpyeMofi cpefle KaKoro-iin6o oSteKTa 
(AeTarin, cxBaTa po6oTa m t.a.) pa3HocTHoro 
cyMMapHoro cwmana we BosHWKaeT n He 

npOHCXOflMT CpOpMMpoBaHMJi /lOXCHblX CMrHa/lOB. 

Ecnn xce b KOHTponnpyeMOM oBTseiae, 
HanpuMep, b oooyfle nnn b Tpy6onpoBOfle ecTb 
HeflonycTMMbie AecpeKTbi, npuBOAninne k 
TepMorpaflweHTHbiM yTeHKaM, urm b npoL)ecce 
naCiKH TennoBbie ootokh npoxoflsiT Hepe3 
cneKTpajibHbie oocTaarwioiAMe cpwibrpa 7, 
cooTBeTCTByiomne noaBneHnio onpefleneHHbix 
cneicrpanbHbix KOMnoHeHT, Torna B03HM«aeT 
pa3HOCTHbi(i ckiman M(Mb) o6HapyxeHna m 
MHTeHCHBHocTM ooHapyxMBaeMoro cnexrpa 
BemecTBa, 6ojibUJiiii cooTseTCTByioinero nopora. 
TaKMM o6pasoM KOHTponnpyioT npucyTCTBMe 
3arpR3HeHMii cBapuBaeMbix noBepxHocTeii m 
3/ieiapoAOB. ripn 3tom TennoBofi noTOK, 
coAepxauiMPi cMrHan onpeAeneHHoro 
cneirrparibHoro MaKCMMyMa pasAe/iHioT nyTeM 
cpwnbTpai<MM B pa3Hbix cnexrpanbHbix 
AnanasoHax, a 3JieKTpMHecKne cumanbi 

OTtpunbTpOBaHHblX nOTOKOB pa3HOOTHO 

ycMjiMsaioT. 

flanee pacoMOTpeHne cymecTBa 
nsoCpeTeHMH Ha KOHKpeTHbix cyry6o 
unjiiocTpaTMBHbix np^Mepax ero ncno/ib30BaHM>i 
ana paa/iUMHbix npoi4eoooB KOHTaKTHoR. 
pejiberpHoii cBapKM i- 

peoieHMSt eflMHOTBeHHO 

ncnepnbiBaiOT Becb o6t.ewi npnTB3aHMft 
TexHHweoKoro peaieHMS. 

npn BKnioMeHUM TOKa no M ot +l~(t) c y^eTOM 
3HannTeTibHbrx Ko/ie6aHMii nwraiomeii ceTn. a 
Taxwe TSXHonornHecKnx MSMeHeHMfi TonunMHbi 



'KOJiwecTsa cBapuBaeMbix aeTaneR 
onpeflenaioT HanMMMe cBaponHoro npoijecca n 
AMarHOCTupyeMbie coctohhm* flC1-flC5 Ha 
craAnn npomo3a <t>1. B npoijecce npoxo>KHeHMfl 
TOKa noflorpeaa l n (6noK 29 cpur. 3) snaveHue 
+ T(t), 6o/ibLijee vum paBHoe npomo3npyeMbiM 
noporoBbiM ypoBHSM nosBonaeT npeflBMfleTb 
BbinneoK flC1, neperpeB flC2. 3Hanenue -r(t), 
6onbiuee unw paBHoe noporoBbiM ypoBHHM, 
nosBonsieT npeflBMfleTb Henposap flC4. 
CooTBeTCTByioLi^Me cumajibi c 6noKa 11 MoryT 
o6ecneMMTb aflanTMBHoe ynpaBneHne CMCTeMoPi 
1.1 b TeneHne cBapoMHoro i<MKna flns TeKyifleii m 
cneflyromeH tomkm. Ha cTaflnn KOHTpora <t>2 bo 
epeMH npoxoxcfleHMfl caapoMHoro TOKa flo era 
BbiwiioMeHMfl (6noK 30 cpur. 3) + r(t), 6onbtuee 
nnn paBHoe KOHTpo/inpyeMbiM noporoBbiM 
ypoBH^M, onpefle/weT peanbHoe cocTOSHne 
flC1, flC2, a - T(t), iweHbiuee nnn paBHoe. 
oi4©HMBa©T flC4. nonBJieHne Bbinneao Ha stoB 
cTaflMM xapaKTepn3yeT o6bmHO HenpaBunbHbifi 

Bbl6op peXHMOB. 

KoHTponnpys flocTMxeHMfl HopMbi flC3 Ha 
CTaflMM TexHonorMHecKOii noflroTOBKM nafieraioT 
yxona nwToro nApa b OAHy vts AeTanei?. 

Ha CTaflMM aHanM3a npMHMH <M 
AMamocTupyeMbix coctohhwm caapKM flC1 , flC2, 
flC4 onpefleriflioT cneflyromee. 

BwnnecK flC1: oflHa ms npuMMH, ocooeHHO 
npM Hana/ibHOM BbinnecKe, ppn nerKMX crinaaoB 
m nentonnasKnx noKpbiTuCt - mshoc aneiapoflOB, 
BTopaa - 3arpfl3HeHne, TpeTbft - nnoxaa cfiopica 
fleTaneCt aneicrpofloB, neTBepTaa - npeflenbHbie 
OTunoHeHvw rBepflocru, nsTaa - Kpafi neTa/iM, 
luecTafl - npeflenbHbie OTxnoHeHMH oKa™* 
sjieiapoflOB, ceflbMaa - yxyflujeHMe 



neperpeB flC2: BeflymMM k M3Hocy 
aneKTpofloe n HeacTeTMHecKofi Koppo3MOHHo 
onacHOM rny6oKOM BMflTMHe ot aneicrpofla no <t>4 
noflo6eH flC1, ho Donee yMepeH B noporoBOM 



HenpoBap flC4. oflHa ms npMMMH flnst 
HMSKOTepMoaneiaponpoBOAHbix cTaneii TirraHa u 
mx cnnaBOB - mshoc sneiapofloa BTopaa - 
3arp«3HeHMe, Tpetbfl - HeKanecTaeHHafl c6opica, 
MeTBepTap - npeflenbHbie OTKnoneHMn 
TBepflocTM, nsnaa - njyHTupoBaHHe, s tom HMcne 
ot cnyMafiHoro KacaHun TOKOBeflymnx HacTeft, 
ocoCeHHo y nerrax cnnasoB m nerrannaBKnx 
noKpbiTMM, wecTa* - npeflenbHbie yBenM^eHMn 
flaa/ieHMa m npeflenbHbie OTKnoHeHM* TOKa m 
BpeMeHM. 

no noporoBOMy CHMHceHMio ypoBHeB r(t) bo 
BpeMR npoxowfleHMR TOKa peSKMM 
yMeHbUjeHweM M onpeflennioT uiyHTupoBaHwe ot 
KacaHMfl fleTanbio TOKOBeflyiflMX MacTefi 
o6opyflOBaHMJt, a TawKe cymecTBeHHbie 

M3MeHeHMfl H OT BHeceHMS 3HaMMTejlbHblX 
MaixnTHbix Macx: B CBapOHHblii KOHTyp. 

OnpeflenammMM KaneoTBO TexHonorMM 
CBapHora coeflMHeHMH 6noK reoMeTpMMecKMX 
0l4eH0K 67 (6noKM 18. 19. 21. 22. 43. 44. 46. 
48 m cTpyiaypbi 36. 48 cpwr. 3-6) nocpeflCTBOM 
ynera naccuBHoro n awMBHoro (noBbiujaroiuero 

nOMeXoycTOMHMBOCTb npM noCTODOHHMX 

3acBeTKax) BMSMpoBaHMn 31, 32, 34 o6nacTeM 
035-037 MoweT peanMSOBbiBaTbcn no pasHOMy b 

SaBMCMMOCTM OT KOHKpeTHblX yCJIOBMM 

npuMeHeHHH onepaTopaMM r, S, C, K, P, O, y, 14. 

EasoBbiB onepaTop r Mo>KeT 
McnonbsoBaTbca flnsi oi^eHKM BM3nposaHM5i 32 
035-037 noflxoflOB K npMXBaTKe (naccMBHO 
BM3MpyeMbiM CMman npoxoflMT no ochobhom 
qenM; 6hok 4. cpMnbTpbi 6, 7. TepM0flaT4MK 8. 



6noK 11 c npeebimeHneM nopora) m k Kpaw 
(BM3MpoBaHMfi c ypoBHeM MeHbUJMM nopora). 
OnepaTop T(t) TaioKe mojkct o5ecneMMTb 
KOHTponb M3Hoca sneKTpoflOB no neperpeBy 
yvacTKa fleTanb-sneiapofl, (fwncHpyeMOMy 
Mepes 6noK 4, o>nnbTpbi 6, 7, TepMOflaTHMK 8 c 

CpOpMUpOBaHHeM OHeHKM COCT051HMS b 6noKe 11. 

fly6nnpyioLHMM r onepaTop S MoweT 
o6ecneHMTb BM3MpoBaHMe 32 035-037, 
onpeflenfla raiwe noflxofl k npMXBaTKe 1.10 wnn 
, k Kpaio no tom x.e oohobhoCi u,em 
npeo6pa3DBaHMM: 4, 6-8, 11. KpoMe Toro, oh 
ncQBonseT cyflMTb o pewMMax P c , P K M flC2. 

OnepaTop C (x,y,z,t(l c )) 

KOHTponb M3MeHeHMfl CpOpMH I 

3/ieKTpoflOB, nepeKOca fleTanb-3neiapofl no 
HecciMMeTpMMHOMy BOKpyr sneKTpofla 
naccMBHOMy HarpeBy ot, HanpMMep, tokb 
noflorpeBa l n mw TOKa cBapw l c unit ot 
aKTMBHoro BMSMpoBaHMn 6noKOM 9. HarpeB 
BMSMpyeTCH a o6nacTHX 035, 036 
npeo6pa30BaHneivi no ochobhoB nenn 4, 6-8, 1 1 
c noporoBotf ceneKLfMeCi MeHbuuero no 
aMnnMTyfle CMmana 3aMKHyTocTM, cb»3hoctm, 
xapaiaepMsyioinero HopMy. npM no«BneHWM 
cymecTBeHHoro n3MeHeHMa cpopMbi nnn 
nepeKoca 3aMKHyT0CTb HapyujaeTC«, b objism o 
neM b 6noKe 11 aHann3MpyeTC» BosMoxHaa 
npMHMHa aHOManbHbix cocronHUM flC1 , 2, 4, 5. 

OnepaTop K (x, y, z.t*) c 
035-037 nosBonaeT OLjeHWTb tfiopMy Kf 
MOMeHTy coBnafleHHa c aTanoHHoR dpopMOM 
Kpao onpenenMTb yron opMeHTai^fiM, mto flaeT 

BO3M0XHOCTb aflanTMBHO ynpSBnRTb ABMWeHMeM 

poobTa npM cBapKe kohctpyki4mm. KpoMe Toro, c 
noMoiflbio oneparopa K mo>kho oi^eHMTb 4>opMy 
Ae^etaa, ocrpoTy TpemwHbi, cpopMy sneirrpofloa 

M M3HOC OTHOCMTenbHO 6a30BOTO ypOBHH. llpM 
9T0M OCHOBHbie npeo6pa30BaHM3 npOMSBOflflTCfl 

nepes 6noK 4 c ynpaBneHMew ot 6noKa 11 
qbMnbTpa 6, rfle cJjopMMpyeTCfl BpatnaeMasi 
aTanoHHan KOHCpMrypaL|Mfl, a 3aTeM Mepe3 
<pwnbTpbi 7 n TepMoflaTH hk 8 b 6noKe 11, rfle 
<popMnpyeTct) peaynbTaT cpaBHeHiw. 

OnepaTopu Pfx.y.^) m Ofx.y.z.g 
o6ecnewMBaiOT pacnoaHaeaHMe Kpan m KOHTponb 
TpeiMHH h CKeneTos cxonneHwii fletfceKTOB. 

npM BMSMpoBaHMM 3oh 31-34 o6nacTefi 
035-037 onepaTop O noflo6Ho paccMOTpeHHOMy 
onpeflenaeTCH npeo6pa30BaHMJiMM no ochobhom 

Wcnonb3yH flMHaMMMecKMe xapaicrepMCTuKM 
reoMeTpMM flBMxeHMn 
rpaflneHTHo-3KCTpeManbHoro cwmana 
U ; penepHofi o6nac™ Ha flepjKaTene aneKTpofla 



aneiapofloa, BpeMeHHbie cTaflUM cBapKM, 
my6nHy BAaBnwBaHMa aneiapofla b fleTanb. 

TaKMM o6pa30M peanMsyeiwbie 

reoMeTpMMecKMe oueHKM b 6noKe 67 nosBonaioT 
npeflynpexwaTb HeflonycTMMbifi mshoc 
aneicrpoAOB, aHoiuanbHbie coctoahma flC1 , flC2, 
flC4, cosepujeHCTBOBaTb 



flMarwocTMpyeMbie pewMbi o6opyfloBaHMa, 
aneiapoflOB m cBaponHoro nponecca, 
onpeaeneHne no aMnnMTyflHbiM oi^eHKaM noneii 
fleo>eKTOB (6noK 68) c noMoiflbio rpaflMeHTOB r 
(onoKM 22, 23 m CTpym-ypbi 28, 35, 37, 39, 
43, 44 o>Mr. 3 - 6) ocytflecTBnaioTCfl 
nocpeflCTBOM naCCMBHOrO BM3MpOBaHMH 31, 38 

o6nacTeM 035-037, 039. OcHOBHoe 
npeoSpasoBaHMe cMmanoB npoBOflMTca no u,&nw 
4, 6-8, 11. OnepaTop r {c flySnMpyiomuM 



a: 



7J 



fleficTBueM oneparopa S) npw BnanposaHnn h, 
039 Ann penepHbix TOMeK win c80ahiahxch k 
hum n/ioinafleii c 
noasonsieT. HanpMMep, 

flH(}XtiepeHL(Ma/lbHOii nHpOHyBCTBMTejlbHOCTM B 

Te^eHne vyixna T 4 onpeAenaTb no 
H i jiOKa/iw3aL|Mio npuHMH, a no H ornnoHeHHfl 
pe«MMOB: aaBneHHfl b CMCTeiue 1.2. 
oxnaJKHeHMH - b cucTeiuie 1 .3, sneKTpimecKoro 
nuTaHMfl m neperpeea MCTOMHHKa - b cacTeMe 
1.4. 

Ha npMMepe KOHTpona Hj coctohhusi Kaoera 
BTopiWHoro KOHTypa 1.4.1 no +r onpeae/iflioTCfl 
KpwTunecKMMM Mecra M3Hoca Ka6ens npu 
nepera6e. 6onee mht&hcmbho HarpeBaeMbie 
tokom. noflo6HbiM o6paaoM ooHapyjKWBaioT 
neperpeB b iweoTax ocnaoneHKH upenneHwi 
TOKonoflBoflflinwx ansMeHTOB. 

nocne BM3iipoBaHWjj 31 o6nacTe& 035-037 
onepaTop T nosBO/meT B npoqecce HarpeBa 
oi49HMBaTb no +r(l) M3HOC 3/ieKrpoAOB (no 
neperpeBy n HananbHOMy Bbinnecny, vmv\ 
nenpoBapy b cootbstctblim c anfloiui 
csapMBaeMbix MaTepnanoa). (lpii stom 
npn6ni«KeHMeM k rpanimaM fluamooTupyeMbix 
cocToaHMR BbtnnecKa, neperpeBa Arm nerxwx 
MeTannoB h cnnaBOB, /lereonnaBKHx noKpbiTuCt. 
HenpoBapa Ana cTaneEi m hx cnnaeoa, TMTaHa m 
ero cnnasoB onpeflenjim M3Hoc sneiapoAOB. 
StfqbeicrMBHocTb a6HapyxeHHH waHoca 
xapairrepn3yeTcji aKOHOMneii 3neicrpo3HeprMW, 
yBenn^eHneM npoMSBOflHTenbHocTH (Macro 
yBenn^eHne pecypca aneiapofla Ha 40% 
ysennsnBaeT nponsBPAMTenbHOCTb Ha 10%), 
yMeHbiueHneM neperpeBa, TpemnH, 
ynyMiueHneM KaMecTBa c iweHbiueii 
BepoaTHocrbK) HenpoBapa, BbinnecKa, paKOBUH. 

Ha craflnn fluamooTupoBaHUH 03 no 
oxna«neHHK) c -R(t) oneHKBaioTCfl flC1-flC5, m 
rnaBHbiM o6pa30M aflanrnBHO 

ccpopMnpoBaHHbie nocpeflCTBOM *5 flC3, flC5 
(6noic 32 cpur. 3). ripn stom nonyneHHbie 6hokom 
11 3Ha<HeHMfl -r{t) HHTerpupyKiT no BpeMeHu 
oxna>KaeHMfl ncfl sneicrpoAaMti m 3Ta oi^eHKa 
ncoBonjteT cyflMTb o peanbHbix pa3Mepax 
cBapHoro coeAMHeHMj) 1.11, b tom HMcne 
TBepflow cpa3bi 1.12 w nirroro flflpa 1.15. 

KoHrponnpyfl T(t) npn oxna^fleHMH nocne 
OTKmoHeHMfl TOKa onpeAensKDT cornacHo 
HopiuiaTHBHbiM, 3KcnepnMenTanbH0 
oi^eHMBaeMbiM wa cTaAwn TexHonorwMecKoB 

nOArOTOBKM AaHHbIM OnTMMajlbHbie ypOBHH 

jKnK)MeHMfl npoKOBKM (6noK 31 
M3BecTHo, nro paL|wonartbHafl 



B 6noKe 69 KOHTponnpyeiuiafl KpwBaa 
ocTbiBaHwfl T(t) cpaBHUBaeTcfi c sanMcaHHbiMM b 
naMsiTb 6/ioKa 11 KpusbtMM - r a (t) sTanoHHbix 
TBepAOCTefl. no cosnaAeHMK) c oaho& U3 hux 
oi4eHHBaeTcsi KOHTponnpyeMas TBepAocTb npw 
HanMeHbUueii norpeuuHocTM pj\n 
HH3KOTepM03neKTponpoBOflHbK cnnaeoB. 
npn6nu>KeHHa5i ot^eHra TBepAocTn ABTanen 1 7 
nocne aKTHBHoro BM3npoBaHMH 30Hbi 32 035-037 
c noMombto H3nynaTenfl 9 mhm nocne nporpeBa 
noAorpeBHtJM tokom l n no3BonsieT b peanbHOiw 
BpeMeHM cymecTBeHHo BniWTb Ha Ka^ecTBO 
CBapKH npM onepaTHBHO oneHHBaeiuibix 
MSMeHeHMjix TBepAOCTM b 1,5-2 pasa. 
KoHTponnpyeiviasi nocne CBapKM TBepaocTb 
xapaKTepnayeT flocTurHyTbiPi yposeHb m MO>Ker 
a o6ecneqeHnn 



KaMecTBeHHoPi cBapKn cneAyiomero CBapHoro 
coeflUHeHWi. 

KoHTponb n AnarHOCTMKa 

rpaAneHTHO-3KCTpeManbHoro CHrHana 
Uj no3BonHeT no noxanbHOMy neperpeBy b 
npoL<ecce oxna)KAeHna o6Hapy>KMBaTb 
noBepxHocTHbie n noAnoBepxHocTHbie Aeq^eiabi 
HecnnoujHocTn AeTanefi 11 csapHoro 
coeflnneHUfl, a TaiOKe no M3MeHeHWo Tuna 
KOHTpacTa b nponeccax HarpeBa m oxna»«enMH 
win oxna»«eHMfl c nepexoAOM ot HeraTHBHoro 

Uj(0,1) K n03MTMBHOMy Uj(1 ,0) KOHTpacTy 

o6Hapy>tcvtBaTb BHyTpeHHue 
HecnnoiuHocTM. 

TepMOOTK/inKy BapnaL(nPi TBepAocTn 
paccMcfTpeHHbiM rpaAweHTHo-SKCTpeManbHbiPi 
TepMOOTKnuK cumanoB Ui neperpeBa b 
npouecce oxnaweHna flnn AecpeiaoB 
noBepxHocTM n noBepxHocTHbix cneAOB 
BHyTpeHHUx AecpeiooB (6noK 70) noxanbHO 
sacTo 6onee n3MeHHMB (6noK 24-27) m oohhho 
TpeByeT ppn pacnosHasaHun paanw^Hbie 
onepaTopbi oi^eHOK reoiuieTpiin, BaaMMHoro 
nono>KeHnn, AsuxeHna n BepoaTHOcrn, 
npeAdaBneHHbie anropnTMOM A1 qbur. 7. ripn 
3tom KsaHTyioT m 6nHapHo npeo6pa3yK>T 



AwarHOCTupyeMbix o6-beKTOB, npeMMymecTBeHHO 
AecfieKTOB HecnnoujHoc™, no pacnpeAeneHnio 
nosMTMBHoro KOHTpacTa Ui(l. 0) onpeflenaroT 
reoMeTpn^ecKne LteHTpbi, Tpaeicropnn CKeneTOB, 
MecTonono»eHne, pasBeTBneHHocTb y3nos 
npoTSDKeHHbix TpaeKTopuK. TOMeHeHne 
HanpaBneHUH TpaeKropnn b cpaBHenwn c 
oTanoHHbiM, nnomaAb, o6-beiui, npoT^eHHocTb, 
KOHqburypaLiMio, opneHTaL(Mio, CKOpOCTb, 
HanpaBneHne flsn>KeHM5i, cTaTMCTimecKne 
OLieHKM pacnpeAeneHMSt 06-beiaoB, no 
pacnpeAeneHnio HeraTMBHoro KOHTpacra 
Uj(0.1) onpeAenaioT aaMKHyTocTb (cB«3H0CTb) 
TpaeKTopufi, KOHc)3nrypaL(MR oS^eKTOB, 

jgaccjosHMH Me>KAy hhmm. ^ N 

F^BepbWFiDCTmirat4a7lifeT6Tir^ 
m rpaHim AwarHOCTHMecKnx coctobhhm 
npeAHa3HaMeH Ann onTMMnaaunn ynpaanenna 

KaMeCTBOM. npM 3TOM CTaTHCTWMeCKafl 

o6pa6oTKa MHcfJopMaqnn o Ae<$eKTax ana 
yBennHeHns mnoiMMecKoii npoHHOc™ BaxcHa 
eme m Teiw, mo p,ax.e AonycTMMbie netyeKTbi 
flanawTCB KOHi^eHTpaTopaMM HanpjDKeHMH, t. e. 
yineHbiuaioT ycTanocTHyio npoHHoctb. KoHTponb 

AeCpeKTOB BHeUJHMX M BHyTpeHHMX npOBOAHTCSl 

Ta6n. 1 m cpwr. 3-7 kbk Ann ppTanevi 
n Ana peaynbTaTOB csapHoro coeAMHeHMJi i 



nonHbiSi KovinneKC 
TepMoceHcopHbix oi^eHOK MHorociopoHHero 
BnanpoBaHMfl Ha o6paat<ax CBapHbix 
coeflktHeHMPi c ooecneneHMeM TCfl co6npaeMOPi 
M saTeM CBapMBaeMoR KOHCTpyKnnn onpeAenoeT 

nOATOTOBKy npOH3BOACTBa. rlpOMSBOACTBeHHblM 

npoL(ecc Ha 6a3e OTpa6oTaHwofi Texwonoran 
xapaKTepw3yeTCH cymecTBeHHo MeHbUMMH 
o6-beM3MM Bi^3MpyeMbix npeo6paaoBaHMR, 

AOCTaTOHHblX An« KOHKpeTHblX o6teKTOB O, 
<$>yH\ai,uv\ <t>, son vi o6nacTevi BM3npoBaHMS. 

TaKUM o6pa30M, AocTurHyTbiPi TexHMMecKuCi 
peaynbTaT coctout b tom, mto cymecTBeHHo 
noBbiuuaercq HaAe>KHOCTb n pacuinpnioTC!! 

CpyHKUMOHanbHbie BO3MOWH0CTM 

AnamocTupoBaHMfl b peanbHOM BpeMeHH 
aeAeHMn KOHTaKTHoCi cBapKn aa cMeT 
cneAyiomero. flpw HacTpcfiKe caMOAnamocTMKe 



M pa60Te <pOpMHpyK)T TepMOB03fleifcTBMfl, 

ocHOBHoe m acnoMoraTenbHoe (Mepei OTBepcTHe ' 
3epicanbHoro o6-beKTHBa), wanyMeHne Ha 
o6-beKTb) 02-08, mto nosBorweT cymecreeHHO 

CHM3MTb OnTHKO- 3neKTpOHHbie CTaTHMeCKMS, 

flMHaMMMSoKne, norpeuiHOCTM, o6ecneHWTb 
Heo5xoflMMbie cpyHKUiw <t>1-<t>5 n oonbujofi 
cneiap npeo6pa30BaHHfi TCfl Ha ocHOBe 

TepMOCeHCOpHbCt Ol^GHOIC. 

CneicrpanbHbiM KOHTponeM Ha bcHQBe 
MacTOTHoR ce/ieKmMM M/l oneHHBaioT ypoBSHb h 



TepMOTpaflneHTHOM KpMBOM O OAHOpi M3 KpUBblX 
3TaJ10HHbiX TBepflOCTefi OLjeHHBaiOT TBepflOCTb 

AeTanePi min csapHoro coeflUHeHMa; CHWweHHeM 
GKCTpeMajibHO-rpaflneHTHoro cumana - ocTpwe 
kpomkm noscKa Ha fleTanw ot BflaBnMBaHMS 
sneiapofla; neperpeBOM, nsMeHeHneM 
KOHTpacTa - flecpeiabi noBepxHocrePi, b rny6MHe 
fleTaneCt n caapHoro coeflMHeHMn. 
reoMeTpuMecKne oLjeHKm no noswTWBHOMy 
KOHTpacTy Uj(1,0) - L^enrpa, cKeneroB, 
TpaeKTopuR, 



paoncoHaBaeMbiM 3arp$i3HeHUflM noBepxyocreR 
fleraneK m anewpofloB. 

rpaflMeHTHO-3KCTpeManbHblM 

npeo6pa30BaHMeM bpsmshhwx m 

npocTpaHCTBeHHbix wsMeHeHHpi aMnni/nyfl 
ncxoflHbix ' cnmanoB c BbicoKoPi 
noMexoycToPtMMBocTbio o6ecneMMBaef Bee 
TepMooeHcopHbie npeo6pa30BaHMH c 

MUHMManbHblM BJTOJWUeM MSMeHSHMH, 

TetinooTflami n Tenno4>ki3kiHecKMX 



i opraHM3ai<nH 
naccMBHoro h aicrnBHoro H3JiyMeHMfl ucxoahoPi 
MHCpopMaunn us pasnwHHbix 30H Bnepeflw, no 
MeHTpy n no3afln oBapnoro coeflMHeHna 
o6jiacTeti BusnpoBaHMfl nofl noABM)KHbiM vwm (n) 
HenoABn*HbiM sjieiapoflaMM unu (n) Me)Kfly 
huimm, penepHbix TOMeK Ha flepwaTene 
noflBMKHoro aneiapofla, Ha KOHTponuipyeMbix 
noBepxHocTJix oSopyAOBaHMfl o6ecneMMBaeT 
pacujupeHHbiM cneirrp npeo6pa3oaaHnCi TCfl 



CoBMecTHoe nononb30BaHne cpopMinpyeMbix 
TepMOB03flefiCTBnfi, cneicrpanbHbix 
rpaflneHTHO-9KCTpeManbHbix npeo6pa30BaHMPi n 
paMMOHanbHoro orrrMKosneiapoHHoro 

BH3MpOBaHHH HH BblCpaHHblX MHtpOpMaTHBHblX 

3DH o6ecneHMBaeT cneflyiomMe ocHOBHbie 
TepMooeHcopHbie 0L(eHKM fluarHOCTOposaHMfl (b 
cbok> onepeflb onpeAenaeMbie u 
onpeflenniotHne nporH03, KOHrponb vt 
aflanTMBHoe ynpaBneHMe). 

no CHH*eHKK) cyMMapHoii OI46HKM 
TepMOHyBCTBHTenbHblPl 3/ieMeHTOB flaTMMKa - 

liiyHTupoBaHMe ot KaoaHMji fleraneti 
TOKoseflymux HacrePi, BHecenne SHani/vrenbHbix 

MarHMTHblX MaCC S CBapOMHblfi KOHTyp 6.e3 

HeflonycTHMoro cHuweHiifl HanpjDKeHMH 



no cyMMapHoR oL^eHKe c npn6/iw>KeHVieM K 
rpaHMMHbiM fluamooTupyeMbiM coctohhmhm 
BbinnecKa, neperpeBa unu HenpoBapa no BMflaM 
pa3nnHHbix MerannoB n cnnaBOB - m3hoc 

3neKTDOflOB. 

CyiUIMapHOfi OLjeHKOfi M COOTBBTCTByiOmMMH 

rpynnaMU noporos no BpeivieHU uyima 
npomoanpyioT, KOHTponMpyioT 
flkiamocTupyeMbie coctoshms BbinnecKa, 
neperpeBa, HopMbi, Henpoaapa ia TBepAoiS 

Cp33bl. 

C noMomuo cyMMapHOM MHTerpupyKsmePi 
0146HKM BpeMeHw ocTbtaaHMJi noa 3/ieiapoflaMM 
KOHTponnpytOT ypoeeHb flocTumyTbix pa3Mepoa. 

no TOHeMHOM flMHaMMMecKOCi oiteHKe 

flBM)KeHna a^eiapofla - cocroflHue cwcTeMbi 
OKaTHH, BpewieHHbie cTaflMn GBapKM vt my6MHy 
BflaBnMBaHns aneiapoAa b neTanb. 

TeKymee reoMeTpuMecKoe 0L(eHMBaHMe 
cpopMbi u ycraHOBKM aneicrpoAOB, nepexoca 
fleTann sjieicrpofl, noAXOfla k npMXBaTKe, xpara, 



pa3BeTBfl.SHHbCTM ysBOB npOTHJKeHHblX 

TpaemopuSi, H3M&neHm ux HanpaBneHufi, 
opueHTauMM, o6-beMOB, ruioa(aAH, 

npoTflxeHHOc™, cKopocTM, HanpaBneHnfl 
ABMweHvw 06-beiaoB, cTaTi/iciwecKofi oi<eHKM MX 
coBOKynHQCTH; no HeraTMBHOwiy KOHTpacTy 

Uj(0,1) - 3aMKHyTOCTb (CBHSHOCTb) 

TpaeKTopMii 1/1 KOHCpurypamiR, pacoTOSHMa 

Me)KAy;HMMH. 

OopMyna M3o6peteHMH: 

1. C0OCO6 flUarHOCTHKM KOHTaKTHOfi CBapKM, 

BKnioMaiounnM onmviecKoe cpopMMpoBaHMe 
MHcppaKpacHoro M3/TyMeHna TennoBbix c/isfloa 
caapHoro coeflMHeHMfl M3 OKonoaneifrpoAHoii 
06/iacTH noBepxHOCTM fleTann, npeo6pa30BaHne 
M3/iy4eHMj? b " aneiorpuMecKMe cwmanbi, 
cpaBHeHMe ux c 3aAaHHHMM noporoBbiiuin 
ypoBHHMM, o6ecneneHne aaAaHHoro cnexceHMS 
3a noporoBWM paccomacoBaHneM, 
• oTJiimaioiuMKcfl tsm, mto cjjopMnpyioT 



: Ha o6"beKTbi flMamocTupoBaHMfl, HacTOTHO 
c)>mibTpyioT MHcppaKpacHoe nanyneHne n no 
Hen/iy onpeAennioT cocTonnne noBepxHOCTM, 
3arpa3HeHne AeTanePi m a/ieiapoAOB, 
3/ieKTpnMecKne npeo^pasoBanun ooya|eoTBns)K)T 

TepMOAaTMMKOM ' C TOMeMHOM nOBepXHOCTblO 

BocnpwHTna TennoBbix cnmanoB c 

CpOpMUpoBaHMBM M3 • HMX 3/leKTpMMeCKOra 

curHana Uj, rAe i - ■ Hbinep TcweMHoro 
sneMeHTa. ynnTbiBaioT B/wflHue Kone6aHMfi 
Hanpfl)KeHWR arieKTpuMecKoCi nmaiomeM ceTM, 

MSMeHeHMM TOJlli|HHbl 

; AeTanePi n nx KonnMecTBa Ha 
A«arHocTnpyeMbie rpaAneHTHO-3xcTpeManbHbie 
cumanbt. BpeweHHbie, npooTpaHCTBeHHbie 
MSMeneHUfl aMnnmyA McxoAHbW ckirHanoB 



npeo6pa3yioT mx b rpaAneHTHO-SKOTpeManbHbie 
cwrHanbi nyTeM MOAennpoBaHMa 
Awt>ct)epeHLtManbHoro ypaBHeHMB 
TennonpoBOAHOCTH, no cyMMapHOMy 
sneKTpwMecKOMy curHa/iy U c 
TepMOHyBCTBHTenbHbix 3/ieMeHTOB Aamnxa npn 
BKnioMeHMn TOKa onpeAeAflioT Hannnne 
CBapoMHoro npouecca. Ha Bbi6paHHOM ynacTKe 
HapacTaHUB Toxa onpeAennioT BosMOKHOCTb 
BbinnecKa, neperpeBa, HopMbi, HenpoBapa, 
Ha/iMHue T8epAo£i 0asbi, noporoBbiMn 
cHwweHMfiMn ypoBHeui onpeAenflKJT 
ujyHTupoBaHne ot KacaHMR Aeranbio 
TOKOBeAyiAHX nacTe« o6opyAOBaHMH, BHeceHMe 



KOHTyp, noporoBbtM npeBbimeHneM ypoBHePi ot 
penepHbix o6nacTefi CBapoHHoro o6opyAOBaHHH 
onpeAenfliOT ero neperpeB, onpeflenaioT ushoc 
orieiopoAOB npn npw6nn>t<eHHn k rpaHMiJaM 
AwarHOCTupyeMbix coctobhmm BbinnecKa, 
neperpeBa Ann nereux wieTannoB m cnnaBOB, 
nerxonnaBKnx noKpbiTMii, HenpoBapa Ana 
cTanePi w mx cnnaBOB, TMTaHa m ero cnnaBOB, 
MHTerpwpoBaHneM U no 3aAaHHOMy BpeMeHU 
ocTbiBaHMfl AeTanePi noA aneiapoAaMM 



a: 
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U i penepwofi o6nacrn Ha flepxaTene aneiapoaa 
oL(eKHBaioT cocTosiHue cucreMbi cxamx 
sneiopoflOB. BpeMewHbie cTaflUM cBapKH. 
my6nHy BflaBJi WBaHWH 3/ieKTpofla b fleTa/ib, no 
nnocKocTHOMy paonpeae/ieHMio 
rpaflH8HTHo-3KCTpeManbHbix cMmanoB 
U j onpeflenaHDT no,qxoAbi k npuxBaTKe, k xpaK> 
cBapuBaeMbix fleTaneB, reoMeTpiwecKM 
onpeA&rwioT cpopMy m nepeitoc aneiapofloB, 
nepeKoo fleTaneS OTHocnTeribHo_sneiapoflOB, 
/lOKanwayioT oBnacTM neperpeaa, no KOTopbiiu 
onpeflenaioT mshoc oeopyfloaaHun, B tom Mucne 
rn6Koro Ka6e/w caapoHHoro TOKa, ocjia6jieHne 
KpenneHMfl TOKonpoaofljunnx aneiweHTOB, npn 
JioKanbHOM yMeHbLueHMM ypoBKfl U | warpeBa 
onpeflenawT ocTpwe kpomkm noBepxHOCTHbix 
AetfieicroB, b tom MMcne nostcxa Ha aeiam ot 
BflaariMBaHMfl aneiapofla, npn noKanbHow 
neperpeBe b npoiiecce oxna>KfleHUfl cBapHoro 
coeflUHeHMB o6Hapy)KHBaioT noBepxHocTHbie m 
noflnoBepxHoeTHbie Ae<peKTW HecnnoiiiHooTn 
fleTaneiS n CBapHoro coeAWHeHHfl, npw 
coBnafleHnn TepMorpaflneHTHbix KpuBbix 

OCTblBaHMfl OflHOrO M3 3TaH0HHblX M 

KOHTponnpyeMoro yMacTKoe onpeAexwioT 
TBepflocTb ywacTKa Aera/iM win oaapHoro 
coeflUHeHHfl, KBaHTyioT n BwHapHO npeoopaayioT 
rpaflneHTH0-3KCTpeManbHbie cnrnanbi 



nojiyneHHeM 



AnamocTwpyeMbix o©beiaoB 
cnmanoB nosHTMBHoro U ; (1,0) v 
Ui(0,1) KOHTpacTOB, no pacnpeAeneHMK) 
no3MTHBHoro KOHTpaoTa U;(1,0) onpeAemiioT 
reoMeTpnMecKMe L(eHTpbi, TpaeirropMM cketneTOB, 
MecTononoiKeHMe, pasBeTBneHHocTb yanoB 
npoTSDKeHHbix TpaeicropMfl, H3MeHeHne 
ihh TpaeiaopuH b cpaBHeHuw c 
t, nnoi^aflb, o6i>eM, npoTflxeHHOCTt, 

CKOpOCTb, 



oi^eHKM pacnpeflanemia o6^eicroB, no 
pacnpeAeneHMio HeraTMBHoro KOHTpacTa 
Ui(0,1) onpeflenaioT sawiKHyTOCTb TpaeicropnR, 
KOHCpvirypauHti 06'beicraB, paccTOHHiw Me>KAy 

2. Cnoco6 no n.1, OTnn^aiomniicH t©m, 4To 
HHCppaKpacHoe ManyneHne TennoBbix cxneAOB 
CBapHoro coeAMHeHna no KpajiHeia iwepe npM 
TexHonorwecKoCt noaroTOBKe npon3BOACTBa 
onTMMecKn cpopiwupyioT ms MewayaneicrpoflHoPi 
o6nacTn. 

3. Cnoco6 no n.1, omimaiouiMvicfl Teiu, mto 
i KOHTpacTa b nponeccax 

< oxna>KAeHHfl c 
nepexofloM ot HeraTMBHoro Uj(0,1) k 
no3MTHBHOMy Uj(1 ,0) KOHTpacTy pacnpeAeneHMfl 



oTcyTCTBne 
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